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TueE following pages are the result of the wish expressed to me by 
Professor C. H. Peabody, that I should publish in the journal of this 
Institute the lecture which I delivered lately before the whole class of 
the fourth year students of the engineering section. 

I have to a very large extent rewritten and revised my lecture, 
adding some subjects which limited time had caused me to exclude, 
and including other matters which I had relegated to my two subse- 
quent special lectures delivered to the naval architect section of the 
class. In reading this lecture I wish students to regard it rather as 
suggestive than didactic, for I hold that there is no finality in engin- 
eering ; though, on the other hand, there are unquestionably many facts 
which are established by experience beyond reasonable doubt. These 
latter I have intentionally accentuated. Such diagrams as I have in- 
troduced are purely diagrammatic, and therefore neglect all but the 
particular matter or principle intended to be described. 

I begin with the subject of pattern-making, as a thorough knowl- 
edge of the pattern-maker’s art is very needful to an engineer; it 
contributes much to the accuracy of foundry work, and in addition 
it will enable him to greatly reduce the cost of the pattern shop, as 
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well as to keep within bounds the accumulation of patterns which is 
unavoidable in any large engine works. 

I assume that my readers are conversant with the general ideas of 
molding from solid patterns and their core boxes; but as it is possible 
that they may not fully appreciate loam pattern work and loam mold- 
ing, I intend to draw attention to the principles on which the latter 
are worked, for a clear comprehension of these opens the way to the 
benefits to which I have alluded above. 

I have made a rough diagram showing the loam mold for a large 
cylinder, the spaces to be filled by the metal are left white. The 
pattern work required for this mold is as follows: 1. A wooden pat- 
tern representing the outside of the cylinder bottom with all that is 
cast upon it; upon this pattern is built, with loam, what is called the 
top cake (A). 2. A circular core box, which is generally struck up in 
loam by means of a strickle board and then adjusted by the aid of a 
little pattern work in wood, is made to produce the core (B) of the 
double bottom of the cylinder. This core is divided into segments by 
the radial ribs which bind the two plates of metal together, and so 
form the girder. 3. A large frame pattern representing the outside 
form of the box-shaped part (C) of the cylinder, wherein are placed the 
steam and exhaust passages. 4. Core boxes for the two steam pas- 
sages D! D? and for the exhaust passage E; these are made as open 
frames, with sides only, cut to the form of the section of each passage 
as represented in the diagram. These cores are shaped by means of 
a strickle board guided on the edges of the sides of the core boxes. 
5. The main body core (F) is built on the ground outside the mold 
upon a ring of metal as a base, by means of a large vertical post fitted 
with a radial arm, to which is attached a vertical strickle board which 
sweeps the loam to shape. 6. T> form the main outer mold (G) the 
center post and strickle are employ « 2s before, but previous to strik- 
ing up the mold the frame pattern (2) of the box part (c) containing 
the steam passages is adjusted in position. It will be seen at a glance 
that the amount of actual wood pattern-making is very small compared 
with the importance and size of the casting to be produced. 

Now, keeping in view the principles set forth in this system of 
pattern work, it will not require a great effort of the imagination 
of my readers to picture to themselves a considerable expansion of 
the adaptability of these principles, so that in many cases where only 
one or two reproductions are required it is possible instead of making 
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elaborate and expensive wood patterns to make only a rough frame- 
work, which can be filled in with loam strickled up to shape and then 
dried, after which the dried loam model will itself serve as a pattern 
whereupon to build the mold. By the exercise of ingenuity much 
wood pattern work can be saved; but it requires a clear comprehen- 
sion, and whoever undertakes it must have it all clearly depicted in 
his mind’s eye before he makes a start, for even mechanical drawings 
cannot represent all the points of difficulty which may arise. 

To return to the subject of molding, there is unquestionably some 
difficulty in making large castings whose thicknesses of metal shall be 
in accurate accordance with the drawing. This uncertainty of foundry 
work is so well recognized by engineers that it has become a custom 
to allow margins of thickness to guard against foundry irregularity. 
The molder on his part is very apt to rub down his cores or mold 
where, after drying, they do not thoroughly correspond. The result of 
these two additions sometimes appears in a very considerable excess 
of weight, which is very difficult to check. My attention was espe- 
cially called to this subject by the pressure which was put upon us by 
the naval authorities when they reduced the weights available for the 
machinery of war vessels; hence I decided to make an effort to pro- 
duce absolute accuracy in the foundry, so that the draughtsmen could 
reduce their thicknesses with security. To attain my object I had 
every core and mold gauged, and the whole mold taken to pieces a sec- 
ond time to examine the thickness»of,.the balls of soft loam which 
were introduced as the gauges before finally putting together. By 
perseverance we trained the men so that we ended by producing a 
series of fourteen cylinders ranging from 74 to 90 inches in diameter, 
where the greatest error ranged only from + to — 3's of an inch on 
a thickness of about 1} inch. We ascertained this positively by drill- 
ing the whole series of castings in all parts, and making gauges as 
records. The reduction of weight was so remarkable that I was sent 
for to the Admiralty to explain how the cylinder weights returned were 
so much below the usual standard. 

Apart from the mere reduction of weights, thinner metal always 
tends to be stronger in proportion, which can be readily seen by com- 
paring the fractures of two considerably different thicknesses. 

' I now pass on to the mixing and melting of the metal. Iron 
founding presents a valuable field for observation and adaptation of 
resources, and when skillfully managed has immense capabilities. It is 























Some Experiences in Engineering Practice. 187 


by no means a simple problem to produce large castings of the quality 
exactly suited to their special duties. In order to gain the necessary 
knowledge to conduct a foundry on best principles, an engineer* should 
make himself acquainted practically with the methods of production 
of pig iron from the ore at the smelting works, and with the general 
principles of working the blast furnaces; he should also endeavor to 
accustom his eye to form a rough judgment of the physical properties 
of special pig irons by observation of the color, grain, and other 
peculiarities of fracture. A visit to a large smelting works will teach 
more than any amount of reading, and the engineer will there learn 
to appreciate better the classification by grade and number of the 
various pig irons produced. Analyses are, of course, of great value, 
but texture and grain also enter very seriously into the problem of 
success in practical founding; hence a practiced eye is a. great assist- 
ance in suggesting mixtures and improvements in quality. 

In addition to the importance of producing castings of the best 
quality great economy can be attained by skill in selection. It is fre- 
quently possible to substitute for an expensive brand of pig iron a 
mixture of two or more cheaper brands, which will produce an iron 
equally good at least, and in some cases better, by imparting other 
valuable properties which the single expensive brand would not have 
possessed. To attain success in selection you must not trusg§ your 
judgment alone, but must always check it by casting regularly from 
your daily melting experimental bars, whose results should be kept in 
a book, compared and registered. There is no more useful way of 
utilizing a slack time in your foundry than by making a number 
of purely experimental mixtures. By steadily working on these lines 
at Maudsley’s we succeeded finally in producing with regularity and 
certainty, and at moderate cost, a quality of cast iron which was from 
40 to 50 per cent. stronger than the accepted standard, and yet was 
fluid enough to use in large cylinders and other intricate castings. 
The basis of this mixture was a large proportion of hand-selected 
engine casting scrap, which probably had been melted at least four 
times ; to this basis we added, according to the purpose of the casting, 
two, or sometimes three, different brands of fresh pig iron in propor- 
tions determined by previous experiments. 

The great value of.a regular system of experimental bars is ac- 
centuated by the fact that it is a matter of common experience that 
sometimes, in a comparatively short period of time, brands of pig iron 
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produced at the same smelting works will vary materially from an 
engine founder’s standpoint. I do not think the explanation is far to 
seek when one remembers the immense variety in the mineral prod- 
ucts of nature, and the immense difference in properties which occurs 
sometimes between two contiguous seams of coal in the same colliery. 

My readers must please remember that in all I have said above 
Iam not advocating an elaborate and costly system of experiments, 
but only the simple method of casting regularly 1 inch square bars 
of a standard length, which are to be broken between standard sup- 
ports, the results being registered. I reserve complete experiments 
only for those cases where the mixtures are of great promise and are 
likely to repay the trouble and outlay. 

I pass on now to the melting process. I personally never have had 
the slightest desire to return to the use of the reverberatory air fur- 
nace for melting iron, not even for the most critical work. I have 
found the cupola to give splendid results when well managed. In what 
follows I assume that my readers are generally acquainted with the 
cupola furnace, but I believe that I shall give them a closer insight 
into the principles of its management if I carry them through my own 
personal experience. 

When I started as a member of Maudsley’s firm I found that it 
requiged about eight hours or more to melt 42 tons. To do this 
there were in blast four cupolas, whose respective capacities were 
about 15, 12, 10, and 6 tons. It was then the usual custom to 
accumulate the metal on the hearth of the furnace, which of course 
involved raising the tuyeres according as the level of the molten metal 
rose in the cupola. The blast fans were driven, as is very commonly 
done, from one of the lines of shafting in the works, and hence were 
subjected to all the small variations of speed which occur in such 
cases. The consumption of coke per ton of iron melted was roughly 
2} hundredweight, certainly not less. When the furnaces were tapped 
the bottom metal was rather dull after lying so long, but the average 
temperature was very fairly good and the resulting castings were 
sound. Still, I did not feel contented; there seemed to me possi- 
bilities of great improvement, and in this view my dear friend, the 
late Mr. John Timme, the works manager, cordially agreed. I ac- 
cordingly started to entirely reorganize the whole arrangements for 
melting upon the following lines, which were more or less suggested 
to me by my observations of blast furnaces. 
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1. In order to have a much higher pressure of blast I ordered 
a very large diameter fan, which at full speed would give a pressure 
equal to a head of about 12 inches of water. 2. This fan was to 
be driven by a separate engine reserved for this duty alone, so as 
to insure perfect steadiness of blast. 3. I had an iron blast main 3 
feet in diameter fitted, upon which were placed the standpipes for the 
tuyeres; each standpipe was provided with a shut-off valve, and the 
tuyere pipes were made to slip into place quickly by means of a bayo- 
net joint, so as to reduce the time required for shifting the tuyeres. 
4. In view of the increased pressure of blast (from formerly 3 to 
34 inches of water to 11 inches) we raised the charging door about 2} 
feet, so as to have more material to absorb the escaping heat. 

The result proved most satisfactory, and with an air pressure of 
11 to 12 inches of water the metal was white when it came from the 
furnace, the coke consumption greatly reduced, and the time of melt- 
ing, also. After about a fortnight my big fan unfortunately exploded, 
and as it was absolutely necessary to make some more very heavy cast- 
ings immediately, I purchased the largest fan which I could find in the 
market, but at the same time increased the volume of the blast. We 
started again with g to 10 inches of pressure, and continued to do so 
well that I decided to be content with the new fan. Ina little time 
my old friend Mr. Hugh Gray, the foundry foreman (a Scotchman), 
suggested that he should tap the metal out of the furnaces, one ton 
at a time, into the ladles, instead of having it accumulate in the fur- 
nace, whereby he intended to save the time and the labor of raising 
the tuyeres, which involved checking the furnace for eight minutes 
each shift. He had the ladles lined extra thick to prevent the heat 
soaking through, and at each tapping threw on the surface of the 
metal a lot of fine charcoal and coal dust, which made a solid black 
cake on the top. There was a very decided gain in the time required 
for melting after this was commenced, and when we had reduced the 
diameter of the furnace for about 4 feet above the zone of fusion at 
the tuyere (which made the cupola pretty much like a blast furnace 
bottom), we had arrived at the climax.. This proved to be that we 
could now, with only two furnaces in blast, melt 16 tons of metal per 
hour on a consumption of 1 hundredweight of coke per ton of iron ; 
but in addition the metal in the ladles was so hot that we had to let 
it stand a long time before we dared to pour it. This proved to be 
a very great benefit, for I have watched the ladles for long periods 
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after the crust was removed, and observed that the metal was in con- 
stant motion and always engaged in separating from itself impurities 
which it threw up to the surface. I am convinced that the great 
homogeneity of our castings partly sprang from this cause; they were 
very dense and bright, as well as homogeneous, and were absolutely 
free from the peculiar cloudiness which in our earlier metal suggested 
to me the presence of graphite in suspension. Dr. Percy found graph- 
ite in several Scotch brands of pig iron where the pressure of blast 
was too low for the duty, and carbon therefore remained in excess in 
the furnace. 

The great reduction of coke consumed per ton was of course 
mainly due to the very large mass (nearly 9 feet) of material now 
carried above the tuyere, which absorbed much of the heat which was 
formerly wasted. . 

I have dwelt very long upon this subject, not only because of its 
importance, but also because I found when I tried to collect informa- 
tion from others at the time of our contemplated reorganization that 
very few persons knew what they really were doing in their foundry ; 
a great deal too much was taken for granted as long as the castings 
were sound, for no foundry foreman can devote himself to experi- 
menting without neglecting his other duties ; besides which my expe- 
rience has shown me that it is almost as easy to fall unwittingly 
below the standard strength with an apparently good mixture of iron, 
as it is to rise above it. 

My next subject is the shrinkage of castings. Cast iron shrinks 
3's of an inch to every linear foot when cast in bars, but my observa- 
tion of large and intricate castings has proved to me that this rule is 
only a vague indication of what is likely to occur. I have known 
cases where a cylinder of 85 inches in diameter did not shrink at 
all in diameter, and another instance where it became oval, actually 
expanding slightly in one direction without shrinking in the other. 
These and other circumstances led to my making a few experiments 
to see if I could find out any indication of a rule. I cast circular 
solid plates and rings of same diameter and thickness, but never suc- 
ceeded in establishing any rule; the results were utterly anomalous 
and illogical. I had so much else to do that I had to leave this subject 
for other work more pressing, but it is a subject which would, I be- 
lieve, well repay the Institute of Technology to investigate patiently. 
Strains from shrinkage are very long lived. I have known cases 
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where pistons, which were apparently perfectly sound, have broken 
many months later at sea from what were undoubtedly shrinkage 
strains, which had gradually developed a fracture. Such examples as 
these emphasize more strongly than any words of mine the value 
of selecting iron suitable for special duties. 

I will say one word of warning as to designing large cylinders. It 
should always be remembered that where ribs spring from the face or 
body of a cylinder there is a decided risk of sponginess or a “draw” 
occurring in the wall of metal. If the ribs are made decidedly thin- 
ner than the metal whence they spring this risk will be very greatly 
reduced. The hydraulic test generally reveals the evil, but it is often 
very difficult to discover whereabouts it starts, and generally more 
difficult still to remedy it. 

The alloys of copper are too numerous for me to speak of, hence 
I restrict myself to a few cautions. 

Be very careful of your mixtures and of the purity of their com- 
ponents ; also be as careful of the way you melt and mix them. 

Believe in nothing without checking it by experiment, as a small 
loss by evaporation of one of the more volatile metals may entirely 
vitiate your result. 

I now pass on at once to the all-important subject of steel cast- 
ings. I will preface my remarks by a simple caution. If you humor 
steel and adapt yourself to its demands, it will prove an excellent 
friend; but if you proudly try to force it, you will find it an almost 
irresistible opponent. This lesson remains firmly impressed upon me. 

At the very outset steel presents great difficulties. The shrinkage 
is ;3, of an inch per linear foot; the temperature of molten steel is 
so high and the metal so searching that the molds and cores have to 
be made of a refractory material which is as hard and rigid as sand- 
stone. The consequence of this is that any form which grips the 
mold or core, and has no means of easement, must set up incalculable 
strains in the angles of the casting during cooling ; sometimes these 
strains will produce gaping cracks, but more often there occurs a mul- 
titude of fine flaws scarcely discernible by the unaided eye. 

My firm was either the first, or one of the very first, who attempted 
to employ cast steel on a grand scale throughout marine engines. We 
employed MeSsrs. Jessop, who had peculiar facilities for turning out 
large “pot steel” castings, with which we first began; then we fol- 


lowed them into open hearth steel, which gave greater range in weight 
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of casting. When we started I determined to go very cautiously to 
work, so as to avoid risks and gain every one’s confidence in our steel 
work ; therefore, after preparing our designs for cylinder columns and 
foundation frames, I invited the most practical steel founder of my 
acquaintance, Mr. Frank Hall, of Jessops, to come and criticise them 
from his own point of view. The outcome of our combined efforts 
was that our very first order for twenty-four cylinder columns and 
twelve large foundation frames was completed without one single fail- 
ure or flaw. Some years after I had occasion to go through our steel 
record and found that out of some thousands we had had to reject less 
than 2 per cent. We adhered firmly after our first conference to the 
H section, to the exclusion of the box section, and later experience 
has more than ever confirmed me in the opinion that it is practically 
impossible to produce a large steel casting of the box form which shall 
be absolutely free from “strains” in the corners. I have met with 
a great deal of trustworthy private evidence confirming this. 

After we had fairly started in steel and had begun to take full 
advantage of its strength, I found some cylinder columns delivered 
which showed slight symptoms of straining in the extreme angle join- 
ing the web to the plates of the H. I therefore had Mr. Hall come 
to see them; in course of conversation he suggested strong brackets, 
but he reserved judgment until he returned to Sheffield to examine 
more castings; then he wrote, asking us to try very thin brackets, only 
$ of an inch thick, saying that, as these brackets would set before 
either the web or plates, they would form a firm tie to both and 
distribute the shrinkage strain over a large area. This proved to 
be absolutely correct. 

Steel forging is too large a subject for me to deal with properly in 
any general way, but I will include a few instructive examples from 
practice which will be of value. I wish to premise that when I speak 
of steel forgings in our own works it is to be understood that each 
one of them, like all our steel castings, had been properly inspected 
before leaving the steel-maker’s hands, and that test pieces had been 
cut from each article which had been tested in a powerful machine 
and then stamped in regular order, noting the tensile strength and 
elongation. 

To proceed; a large forked-end connecting rod, having a T at the 
other end, is more or less difficult to produce in steel so that it shall 
be absolutely free from defect. An imprisoned gas bubble will extend 
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in the forging process, causing an internal flaw, besides which there are 
plenty of other possibilities. Usually these rods are forged from an 
ingot sufficiently large to produce the T end, and as the piping of an 
ingot generally extends to two fifths of its length, the original ingot 
is very large and the waste cut off considerable. The ingot is forged 
down to shape and is laid down with a solid mass at the fork end. In 
the days of wrought iron forgings I had observed, first, that when we 
slotted out the fork of one of these rods (diagram 2, page 195, Figures 
1 and 2) that the sides of the fork had a tendency to spring inward, 
which was exaggerated when we parted in two the solid heads of con- 
necting rods made as in diagram 3. This indicated the existence of 
strains set up by the cooling of such a mass; besides this I had noted 
that the lump cut out of these masses was decidedly more crystalline 
at the heart, which one would expect. These two circumstances gave 
me a prejudice against solid forks, hence I determined to try and avoid 
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them in steel. I mentioned my views to Mr. Frank Hall, and found 
that he also wished to move in the matter; but he was actually going 
to cast some connecting rods to shape in a special quality of steel. 
I thought this was going too far, and that he was introducing other 
risks, so I asked him to cast for us ingots having at the bottom end 
a roughly molded fork, which, from its being subjected to the great 
pressure due to the whole head of molten metal in the mold, could 
not fail to be sound and free from bubbles. The remainder of the rod 
was to be forged as usual out of the mass of the ingot above. These 
rods proved thoroughly successful, but as this was a departure from 
general practice I took the extra precaution of making a complete set 
of check tests from pieces which were trepanned from both sides of 
the fork, from the T end, and from both ends and middle of the shank 
of the rod. These latter were facilitated by our having purposely 
designed the rod to be bored throughout its length for strength and 
lightness. When this 23-inch hole was finished we examined the in- 
terior by means of a mirror at one end and a light placed at the other. 
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All the tests came out correctly, corresponding very closely with the 
original results at Jessop’s works. After we had established our set 
of trepanning tools we often had recourse to check tests, which are 
very reassuring. 

It may be of some interest to my readers if I give an account of 
the discovery of a defective rod. The connecting rod in question 
resembled closely that shown in diagram No. 2; it had been carefully 
examined by the marker-off in the machine shop, and had nothing 
about it to excite suspicion. It had been machined all over, except the 
flat across the fork end where the fork springs from the shank which 
was then in progress. By chance I was detained near it, and while 
discussing some matter I had my eye on the slotting tool and observed 
that it tripped very slightly in passing a particular line along the fork. 
Mr. Timme and I went to see what it was, but found nothing more 
than a slight trace of a line about half an inch long and finer than 
a gossamer thread. However, as it was the first rod of a set, we 
thought we would put a wedge in the fork just to reassure ourselves, 
The half fork broke off at the third blow, revealing a large flaw like 
Figure 3 on diagram No. 2. We tried two more rods with the same 
result, and then returned all the set to the makers, a most respected 
firm who were much distressed about it. Later experience has led me 
to believe that they were all cases of imprisoned gas due to the ingots 
not being large enough for the forging, but at that early time it was 
a mystery to all concerned. 

I now come to boilers and boiler work, and as the many types of 
marine boilers include all the difficulties and troubles of other boilers 
in addition to some special troubles of their own, I shall take marine 
boiler work as my subject. 

In these days when steel plates and machine tools have reduced 
boiler-making to a comparatively simple system, I think there is some 
danger for those who have not grown up with it to miss some of the 
important principles involved. I have therefore determined to follow 
in this case, as before, the method of carrying my readers through my 
own practical experience and reasoning. This will not be wasted time, 
because whenever serious repairs are needed you must, perforce, return 
to hand work, and that frequently under difficulty and disadvantage. 

In the old days of low pressure and “box boilers”’ (where the sides 
and all parts of the outer shell depended entirely on stays), plates sel- 
dom exceeded ;4 of an inch for the sides, and } inch for the bottom 
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Diagram 2. 


FORKED CONNECTING ROD. 


Fig. 1. 
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X Point where line half inch long was visible. 
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Half fork broken off. 























The flaw section dotted and outlined. 
>< The only point where it reached the outside surface. 
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plates ; rivets were generally 3? inch diameter, and at most { inch; 
hence it took but little skill to make rivets fill the holes in such thin 
plates, and a good head could be formed by a snap tool whose section 
was a segment of a circle. The boiler drawing in those days was 
more of a suggestive diagram showing the spacing of the stays than 
a full working drawing, for the foreman of the boiler shop had to deal 
with a forést of stays crossing each other, which he had to keep apart 
from actual contact by humoring them a little according to discretion. 
After 35 pounds pressure there came a sudden break ; cylindrical boil- 
ers with 60 pounds pressure of steam and the compound engine came 
out together. Shell plates grew much thicker as pressures increased, 
and rivets also had to be made larger and longer. 

One day I received from a Liverpool engineer a bag full of rivets 
which had been cut out of one of our boilers where the thick tube 
plate joined the furnace crown. They all had been leaking, and clearly 
had not filled the holes except for a short depth under the snap head, 
though the boiler had been perfectly tight under 125 pounds hydraulic 
pressure. I went to Liverpool and examined all the holes which were 
good ; then I realized that all hand work required complete reorgan- 
ization if we were to have tight work with thick plates and high 
pressures. 

I started on the principle that the rivets must be first made to fill 
the holes absolutely, and that the head was an after consideration. 
To insure this I made the riveters cool the point of each rivet nearly 
black before putting it in; then I let them give a few blows with their 
hand hammers to steady the rivet, after which they had to apply snap 
No. 1 (diagram 4, Figure 1), using only sledge hammers. When this 
was solid the finishing snap tool was applied (diagram 4, Figure 2) 
till the rivet head was finished. As will be seen by the diagram the 
snap head was small and had little cover, only just closing over the 
partial countersink in the plate. When the set of boilers were com- 
pleted I had about 5 per cent. of the rivets’ heads cut off all over them, 
and found that it required from seven to eleven blows of a sledge ham- 
mer to punch out the parallel body of the rivet. The riveting of these 
boilers was ugly to look at, but the boilers remained remarkably tight 
after several years’ work. It was clear that I had grasped the right 
principle, but the work was so severe and tiresome to the men that 
some modification was necessary to avoid the risk of men shirking in 
the absence of the foreman. As the cover of the rivet heads above 
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mentioned had proved to be rather too small on examination of those 
cut out, I increased the diameter of the head. Then I allowed the 
men to cool the rivet point very slightly only, and to knock it down 
another stage with the hand hammers (see diagram 4, Figure 3), using 
only one snap tool to make the rivet fill the hole and finish off the 
snap head. This new snap tool I had myself schemed on the princi- 
ple indicated by the dotted lines on Figure 4, diagram 4, so as to 
direct all the force of the blows inside the rivet hole to a point just 
under the pan head, the snap head not beginning to be formed until 


Diagram 4 


Knock-down . 
Snap 


3. 


EXPERIMENTAL HAND-RIVET. STANDARD HAND-RIVET. 


the hole would refuse entry to any more material. The peculiar point 
of the snap acted as an excellent telltale, for if the rivet was too 


short or did not fill the hole there would be no point to the snap 
head. 


After this all went well until the great increase in thickness of 
shell plates demanded again larger rivet work. The men could do 
1 inch work pretty well, but 14-inch riveting was practically beyond 
their power ; hence as soon as Mr. Tweddell brought out his hydraulic 
riveter we ordered one made. This difficulty was scarcely over when 
we began to find that with the increasing thickness and size required 
iron boiler plates were rapidly deteriorating and becoming more and 
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more laminated. This was threatening to bring steam pressures again 
to a standstill, when Dr. Siemens started his first open-hearth Siemens. 
Martin mild steel furnace at Landore. The British 
Admiralty gave him a trial order for the ship plates 
of the two fast cruisers, Iris and Mercury, for which 
vessels we held the contracts for the engines. After 
seeing the quality of the mild steel, we offered to con- 
struct the boilers of this material at our own risk. 
These were the first mild steel marine boilers. 
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" N machinery, as being the only certain method of insur- 
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iy NV, joints by machining together the scarfs of the outer 
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the front plates were brought together with fitted cor- 
ners and scarfed together in the machine as seen in 
Figure 2, thereby preserving the true circular form 
of the built-up front plate without any break or crevice. 

Where joints are not so fitted there are always points where the 
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tightness depends on the calking or on a wedge piece driven in to 
fill the gap. I do not consider such work admissible with the modern 
very high pressures, as even if the joints are tight at first there is 
almost a certainty of their weeping after the boilers have been at 
work some while. 

In the days of iron plates it was usual to thin down the corners of 
plates in the fire, and sometimes even to light a fire against a joint 
of the boiler so as to close it in place. This custom remained after 
the introduction of steel, but very soon it was discovered to be most 
pernicious, as the local heating of steel plates sets up all manner of 
strains when cooling, and generally cracks the plate at that part. 

I will relate our earliest experience in order to emphasize this 
point. A shell plate had been heated and thinned at the corner by 
hammering; about an hour later it cracked with a loud report, the 
crack extending inward about 9 inches. The maker came to see it, 
and was somewhat puzzled, as he declared the plate was perfect by test. 
He consented to my proposal to continue the crack by hammering in 
steel wedges, but added that he did not believe the crack would go 
further, which proved correct. The frequent recurrence of these 
cracks in several works led to the publication of the danger of local 
heating of steel plates. Of course where plates have to be heated 
for flanging, they have to be carefully annealed before laying them 
down. All steel stays should be worked out of the solid, for welds 
are not to be trusted in such vital parts; even the best welds are very 
liable “to be crystalline. 

When stay tubes are used in a boiler the threads of the two ends 
must absolutely correspond in pitch; in other words, they must be 
continuous, and when properly made should screw into both plates 
with quite a moderate strain. Whenever stay tubes require much forc- 
ing it is almost invariably due to the threads not being continuous, 
which is very mischievous, as it tends to buckle or spring the tube 
plates. It requires some care to make a good set of continuous 
threads, but with accurate gauges the tools can soon be established. 

Boiler repairing and patching generally has to be done on board 
ship, and very often under great difficulty. It requires good judgment 
and all the experience and ingenuity you can command. When a patch 
has to be put on a furnace the patch should be applied on the water 
side of the plate if possible, as on the other side it never stands well 
for a long while; the rivets in all furnace and flame box patches should 
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be countersunk and well knocked down to keep them from the rush 
of the flames. I will mention only one example of a patch, a pretty 
bad one, however, where by a lucky idea I got out of the difficulty of 
patching inside the furnace throat. Diagram 7, Figure 1, shows the 
position of the crack which occurred in the dome-shaped plate, form- 
ing the end and throat of the furnace of a Holt boiler. The plate 
had been made from a large circular flat plate, and was therefore much 
punished in working into form. The crack was in an inaccessible 
position ; you had to go head downwards, and then could only reach 


Diagram 7. 
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the crack with one hand. I bethought me that one hand could sup- 
port a light box, and that if we cut out the crack we could make 
a plaster of Paris mold of the whole surface by pouring the plaster 
through the hole into the box. This succeeded admirably, so that we 
cast from the plaster of Paris model a reverse whereon we could abso- 
lutely finish the patch before offering it in place. This patch was in 
perfect condition five years later when I last inquired after it. It is 
represented in diagram 7, Figure 2. 

The subject of repairs leads me to mention a very important mat- 
ter, which, however, mainly affects marine boilers, though the principle 
involved is of general application. I refer to the accumulation of oil 
or grease upon furnace plates. 
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The use of surface condensers necessarily collects somewhere in 
the engines or boilers every drop of oil used on the internal parts of 
an engine. When pressures were moderate and salt water was still 
admissible into the boilers, it was a common practice to dose the sur- 
face condensers with caustic potash so as to dislodge the collected 
grease, and then to work as a common jet condenser for a few min- 
utes so as to pump all the grease overboard through the discharge 
valve. With closer staying this practice was stopped, and there oc- 
curred from time to time serious bulgings of furnaces, also some col- 
lapses of crown plates attended by loss of life. Inquiry showed there 
had not been shortness of water, and I believe Mr. William Parker, 
then the Chief Inspector for Lloyd’s, was the first who suspected 
grease as being the true cause, in which, after a long series of experi- 
ments on greased plates and some unfortunate confirmation on a large 
scale at sea, Mr. Parker proved to be absolutely correct. 

I had the privilege of knowing Mr. Parker, and he gave me an 
interesting specimen of water and oil taken from a large Liverpool 
liner’s boilers. The grease remained always collected in a large sphe- 
roidal mass ; some days it would be floating on the water at the top of 
the bottle, and on other days it would lie on the bottom. Probably 
this arose from change in atmospheric pressure, but it was very sug- 
gestive of what occurred in boilers under steam. Now all engines are 
being fitted with filters to collect the grease from the feed water before 
it enters the boilers. 

Before finally leaving the subject of boilers I wish to draw atten- 
tion to an oversight which is not uncommon in arranging the staying 
of the flat crowns of flame boxes and furnaces, which destroys the 
equilibrium of the circular shell above them. Sometimes with very 
high pressures it is very desirable to relieve the thin vertical plates of 
these flame boxes and furnaces from the great pressure transmitted 
to them by the bridge bars which support the flat crowns; this can be 
done by carrying hanging stays upwards from the middle of the bridge 
stay, or occasionally the bridge stays are omitted and separate vertical 
stays are distributed over the flat surfaces. In either case, to attach 
these stays to the shell of the boiler must destroy the equilibrium of 
the circular form, unless you compensate the half shell to which they 
are attached by working inside it a T iron or double angle iron, which 
shall carry this extra strain like a bridge springing from the lower half 
diameter. No doubt plates are very long suffering and that there are 
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plenty of boiler shells at work in this unbalanced condition ; but that 
does not make it right, nor would those boilers now pass the rules of 
Lloyd's nor of the British Board of Trade. 

I now leave boilers, and will deal with a question which materially 
affects the successful working of machines in a manufactory. I refer 
to the steel cutting tools themselves. The best angles for tools which 
have to cut the various metals have long ago been established, and were 
first published in admirable detail by the late Mr. Holtzappfell in his 
original and very important work on mechanical manipulation ; but he, 
like those who have followed him, seems to have overlooked one point 
in theory of construction of cutting tools which happened to force 
itself very notably upon me in practice. When we received our first 
large steel castings from the makers, we supposed that they would 
require a slower speed than wrought iron, and allowed twice the time 
for machining them; but we had only started a few days when the 
foreman came to me in despair, saying that it was useless to attempt 
such a speed. I accordingly went myself to see what could be done. 
I found that it required six times longer than wrought iron. I exam- 
ined the men and their tools, and found that the strain on the machines 
was really very great. I tried another tool steel, but in vain. I no- 
ticed, however, that the extreme cutting edge was blunted by being 
almost fused by the heat of abrasion and not so much from being 
ground away, yet it was impossible to get water to it; whence it sud- 
denly occurred to me that if the mass at the front of the tool close 
to the cutting edge were very great the heat would be rapidly con- 
ducted away by the mass of metal. I had a 2-inch square section 
steel brought, and filed the square end back just sufficient to clear the 
work, and on the front side I hollowed out only a sufficient curve to 
allow the cuttings to curl up, making the cutting angle as for iron. 
When the machine was started all went well nearly at same speed as 
for iron, proving that I had struck on the right theory. 

I will now make a few observations on the question of the value of 
steam jackets, for which I have been until the last few years a con- 
sistent advocate. My doubts began only when we began to increase 
so much thé speed of piston and the number of revolutions per min- 
ute, which appear to me the most important factors of all in esti- 
mating the value of steam jackets. Steam jacketing began with the 
celebrated Cornish engines, which had a long stroke and made at most 
about 4} strokes per minute ; this is perhaps the best possible case for 
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the use of a steam jacket, the more so as there is quite an appreciable 
time between the closing of the equilibrium valve and the opening of 
the exhaust, during which time the heat can flow pretty freely through 
the metal wall of the cylinder and help effectually to heat up the inter- 
nal surface. Now, when you contrast the modern fast-running engine 
with the Cornish engine you cannot fail to see that the case is exactly 
reversed, and that the fluctuations in temperature inside the cylinder 
occur, as it were, in a moment of time and can only affect a very 
slight depth into the metal wall, while the heat from the jacket can- 
not quickly reach the internal surface of the cylinder as it has to 
travel through the entire thickness of the wall; in other words, it 
arrives too late. 

Since I delivered my second lecture, in which I mentioned these 
views, I have received from the Institution of Civil Engineers in Lon- 
don Mr. Bryan Donkin’s valuable paper on condensation of steam in 
cylinders, giving a full account of his very careful experiments, which 
confirms the accuracy of the above reasoning. I think, however, that 
there remains an argument in favor of steam jackets; namely, that” 
they act as a perfect casing to the cylinders as against external radi- 
ation; and as it is customary in all marine engines to fit separate work- 
ing barrels, it costs very little to make the space between the barrel 
and the outer shell available as a steam casing or steam jacket, if that 
name is preferred. 


In conclusion I desire to repeat and to emphasize the advice I gave 
to the whole class when I delivered my lecture orally: “Go into every 
department of some large engine works and work with your own hands 
as a common workman, and with your brains as a graduate of this 


institution!’”” There is no other royal road to become a thorough 
engineer. 


That which you will learn by practical and manual work in the 
shops is of a quality which cannot be produced by any scientific insti- 
tution. The learning of the manual use of tools in your workshop 
here is excellent, but that is not enough. It is only the prelude to 
practical engineering where in a large works you will daily find yourself 
face to face with the difficulties of handling large pieces of work. 
This is the class of experience which opens your mind and where 
your store of scientific knowledge accumulated in this institution will 
begin to have full play and will give you much quicker insight than 
others into the underlying principles of things. I speak from positive 
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knowledge and experience, besides which I could quote lists of distin- 
guished engineers who would bear the same testimony. 

In addition to all I have written above I can quote the lower mo- 
tive of self-interest as a forcible argument, for there are numberless 
positions from which the lack of a regular workshop training would 
tend to exclude you. No large ship-owner, nor other man in a respon- 
sible commercial position, can afford to run risks in the choice of a 
man who is to have a great charge. He will wisely prefer the so-called 
practical man, even if he is no genius, to any man lacking real prac- 
tical experience, no matter how able or scientific he may be. 

You must remember that the workshop-trained, unscientific, but 
practical man cannot avoid absorbing a good deal of what I may be 
permitted to designate as “practical theory and science” by simply 
observing what surrounds him when he is at work in shops or the 
engine room; hence this man is not really devoid of science, and 
although his theoretical knowledge may be narrow, yet he will not be 
averse to move on steadily and cautiously. Such a man has no mean 
value, commercially speaking. It needs no further words of mine to 
demonstrate the beauty and the value of combining science with prac- 
tical experience. 

- Iam perfectly aware that what I am demanding from you requires 
some sacrifice on your part, and may even involve a strain on your 
parents’ resources; but if they can afford to wait, their patience and 
yours will reap a large and full reward. 
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AN APPARATUS FOR MEASURING DIFFERENCE OF 
PHASE BETWEEN ALTERNATING CURRENTS. 


By LOUIS DERR, M.A., S.B. 


Most of the methods hitherto employed for the measurement of 
difference of phase between alternating currents (vide La Lumiere 
Electrique, March 10 and 17, 1894) assume that the currents meas- 
ured are truly sinusoidal in character, or demand exceptional condi- 
tions of steadiness. The method here described is applicable to the 
measurement of periodic currents of any form whatever, and can be 
used under ordinary conditions. 

The apparatus is a modification of that employed by Dr. J. Puluj 
for a similar purpose, and described at length in the Elektrotechnische 
Zeitschrift for December 1, 1893. Dr. Puluj’s apparatus consists in 
brief of a pair of electromagnets, each carrying a flat steel spring at 
the free end of its core, a small mirror being mounted on the spring. 
A beam of light is reflected from one mirror upon the other, and 
thence to a screen. If alternating currents are sent through the 
magnet coils, the springs will be set vibrating, and the spot of light 
on the screen will be lengthened into a line if the springs are parallel ; 
and if the springs be turned so that the vibrations are perpendicular 
to each other, the line becomes an ellipse whose dimensions afford 
a measure of the difference of phase between the currents in the 
coils. 

It is evident that to maintain an ellipse sufficiently stable to permit 
measurements of precision requires great steadiness in the currents, 
a condition not always obtainable. The springs give best results when 
their period of free vibration is that of the current or its octave, and 
slight changes of the current period will throw them out of tune, in- 
stantly affecting the amplitude of vibration, as the inertia of the mov- 
ing parts is very small. Belt slip at the generator, irregular load or 
changes of steam pressure, make precise measurements very difficult. 

To obtain results without the steadiness demanded by the above 
method, the following modification was devised by the writer and suc- 
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cessfully used by Messrs. L. R. Nash and J. C. Nowell, of the class of 
1894, in their thesis. The two electromagnets were placed side by 
side, and the beams reflected from their mirrors received upon a pris- 
matic mirror and thence sent to the screen. This is shown in plan in 
Figure 1. In this case the spots of light which appear on the screen 
when the mirrors are at rest are elongated into two vertical lines when 
currents are sent through the magnets, and these lines are drawn out 
into curves which flash across the screen when the prismatic mirror 
is rotated. As the motion of the springs is harmonic, these curves 
are sine curves, and thus bear no necessary resemblance to the original 


FIG. I. 





wave form. Figures 2 and 3 show some of these curves, whose wave 
length is, however, much less than that employed in measurements. 
The theory of measurements is as follows: If the spots of light on 
the screen are in the same vertical line when the prismatic mirror is at 
rest, the curves produced by revolving it will have the same time origin, 
and will be parallel if they are in the same phase. Any time lag of 
one behind the other will be shown by a lateral shifting of the lagging 
curve ahead of the other, and if a variable inductance is inserted in 
the circuit of B, the B-curve will be seen to move farther and farther 
ahead of the A-curve as the inductance is increased. The difference 
of phase is thus evident to the eye, and to obtain a direct measure of 
it requires only a knowledge of the angle through which one. curve 
must be shifted to bring it into parallelism with the other. This is 
readily expressible in degrees by finding the angle through which B 
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must be turned to bring & and F (Figure 4) into the same vertical, 
and then finding the angle through which 2 must be further turned to 
bring G and £ into the same vertical, the first adjustment giving the 
portion of a wave length by which the two curves are separated, and 
the second the value of the whole wave length. Calling these quanti- 
ties c and d, respectively, the phase difference of the curves on the 
screen is, in degrees, 360°/;. ; 

One consideration is to be noted here, that as the vibrating springs 
execute a complete vibration for every reversal of the current, their 
vibration frequency is just twice that of the current, and hence the 
phase difference of the curves on the screen is twice that of the cur- 
rents measured. The desired value is thus 180°/). 

As ¢ and d are too small to be directly measured with precision, 
a multiplying device is necessary. Mirror # is turned by a gear wheel 
meshing with a small pinion which carries a long pointer moving over 


& i G' 


FIG. 4, 


a divided scale. With this device a wave length on the screen is cov- 
ered by a displacement of 13 centimeters of the end of the pointer. 
The procedure is as follows: With the prismatic mirror at rest, 
send the currents to be studied through A and B respectively. Turn 
B until the lines on the screen are in the same vertical, and take the 
pointer reading m. Start the revolving mirror, and when the curves 
are sufficiently elongated to permit convenient comparison turn the 
pointer until the curves are parallel, and take the reading x of the 
pointer. Turn the pointer still further until the B-curve has moved 
through an entire wave length and is again parallel to the A-curve, 
and record the new reading f of the pointer. Then the phase differ- 
ence in degrees between the currents is 
fiat 
n — » 
The results of these measurements plainly depend on the accuracy 
of bringing the curves into parallelism. This adjustment can be satis- 
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factorily made by moving A vertically until the curves are brought 
close together. As used in the following transformer measurements, 
the mirrors were of silvered glass and the outlines of the curves con- 
sequently indistinct from ,multiple reflection. This makes the adjust- 
ment less precise than might be expected if metallic mirrors were 
used, and partially accounts for the relatively large deviations attached 
to the results below. 





Small Experimental Transformers. Lag in Degrees. Fawr ad 





Transformer with four secondaries, idle circuits open . 173.75 +£0.38 
Transformer with four secondaries, idle circuits closed . 177.0 
Ring transformer, overwound with iron wire . . . . 172.29 + 0.82 
Ring transformer, closed secondary. . . . .. . 176.50 + 0.50 
Two telephone induction coils in series. . . . . . 332.11 + 0.84 


GivitietorGachcOl 4... Ae a) es 166.06 + 0.42 











The following measurement affords a comparison of calculated 
with known values. The apparatus was applied to the measurement 
of the lag between the branches of a three-phase circuit. Perfect 
symmetry in the dynamo windings would give 120° in each branch, 
and in any case the sum of the three lags should be 360°. The values 
actually obtained are 119.22, 120.44, and 119.44. The sum of these 
is 359.00, the average deviation (0.92) in this case being not far 
from the real error. 

Among the advantages of the method described above are: 
(a) Since the wave form does not enter the calculation, any source 
of periodic current may be employed, whether sinusoidal or not ; 
(b) slight changes in the electromotive force do not impair the 
measurements, for their effect is only to vary the amplitude of the 
curves, a quantity of small consequence; (c) constancy in the speed 
of the revolving mirror is unnecessary, since irregularity affects both 
curves alike and does not alter their parallelism; (d) the approx- 
imate value of the lag can be seen at once, as well as the quadrant in 
which it lies; (e) the curves need not fall successively in the same 
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positions on the screen, as no measurements are made there, hence 
the speed of the revolving mirror need bear no definite ratio to that 
of the springs; (f) the apparatus is simple and easily constructed. 
Figure 3 shows the form of the curves produced when the free 
vibration of the springs is the octave of the current frequency. These 
curves were obtained from the three-phase circuit before mentioned, 


ROGERS LABORATORY OF PHYSICS, 
June, 1894. 
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THE ELECTROLYTIC REDUCTION OF PARANITROBEN- 
ZOIC ACID IN SULPHURIC ACID SOLUTION. 


By A. A. NOYES, PuH.D., AND A. A. CLEMENT, S.B. 


Received October 19, 1894. 


In an article published some time ago! we showed that, when 
nitrobenzene in sulphuric acid solution is submitted to the action of 
electrolytic hydrogen, the resulting product is not aniline, but the 
sulphonic acid of paramidophenol. That this reaction is character- 
istic of nitro compounds in general has since been proved by Gatter- 
mann,? who investigated a great variety of them — nitro-hydrocarbons, 
nitro-anilines, and nitro-acids — and found them all to undergo change 
in a similar way, the reduction of the nitro group being accompanied 
by a migration of one of its oxygen atoms to the para position. Only 
those compounds in which the para position is already occupied by 
another element or group than hydrogen form exceptions to this rule. 
Of such compounds only two were investigated — paranitroorthotolui- 
dine and paranitrotoluene. The reduction product of the former con- 
sisted of diamidocresol (CH, (1), NH, (2), NH, (4), OH (5)), a migra- 
tion of an oxygen atom to the ortho position having taken place. In 
the second case there was obtained a complex body which was shown? 
to result from the condensation of the primary reduction product, 
amidobenzyl alcohol, with a second molecule of nitrotoluene; thus, in 
this case, substitution of hydroxyl in the (methyl) group occupying 
the para position occurs. What reaction takes place seems therefore 
to depend on the nature of the para group, and the investigation of 
other para compounds in this direction is of considerable interest. 
We wish to describe here the reduction product of one of these, the 
paranitrobenzoic acid. We expected to obtain from it amidooxyben- 





* Technology Quarterly, 6, 62. 
? Berichte der deutschen chemischen Gesellschaft, 26, 1844. 
3 Berichte der deutschen chemischen Gese!lschaft, 26, 2810. 
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zoic acid, or possibly amidobenzoic acid itself; but, remarkably enough, 
neither of these substances is formed. 

The paranitrobenzoic acid used was prepared! by boiling for one 
hour with return cooler portions of 20 grams of paranitrotoluene with 
60 grams of potassium permanganate dissolved in two liters of water, 
filtering out the precipitate, concentrating the filtrate, and acidifying 
it. In this way 18 grams, 73 per cent. of the theoretical yield, were 
obtained. 

The apparatus used for the electrolysis consisted of a small beaker, 
to the sides of which a large platinum electrode was closely fitted, and 
in which was placed a porous cup containing sulphuric acid and a small 
platinum electrode to serve as the positive pole. The solution, made 
by dissolving 12 grams of the nitrobenzoic acid in 100 grams of warm 
concentrated sulphuric acid, was poured into the beaker, which was 
surrounded with asbestos to prevent loss of heat, and a current of one 
ampere passed through for twenty-four hours. 

To isolate the product the solution was diluted with water, cooled, 
and filtered. The precipitate was found to be very little soluble even 
in boiling water, showing the absence of sulphates of bases. It was 
treated with sodium carbonate solution, the residue consisting of sul- 
phur was filtered out, and the filtrate was acidified. A voluminous 
precipitate separated ; it was collected on a filter, and washed first 
with water, then with alcohol and ether to remove any unchanged 
nitrobenzoic acid. Four grams of product were thus obtained. Its 
properties and analysis showed it to be paramidophenolsulphonic acid. 
It was only very slightly soluble in boiling water and insoluble in 
alcohol and ether. It reduced silver nitrate solution in the cold, with 
production of a purple color. The solution of its salts turned brown 
rapidly in the air. It gave the following results on analysis: 


Found.? Calculated for CsH;NH,OHSO H. 
Cc 37.70 38.09 
H By bes 3.70 
SO3 42.40 42.33 


To give further proof of the identity of the acid, some of it was 
heated to 175° in a closed tube with concentrated hydrochloric acid. 





* Berichte der deutschen chemischen Gesellschaft, 10, 580. 


0.3964 gms. substance gave 0.5479 gms. CO2 and 0.1336 gms. H2O; 0.4356 gms. sub- 
stance gave 0.5380 gms. BaSQ,. 
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At this temperature the sulphonic group was split off, as is the case 
with the paramidophenolsulphonic acid! The hydrochlorate, which 
crystallized out on cooling, was filtered off, dried, and boiled with 
a large excess of acetic anhydride. The resulting product after crys- 
tallization from water showed a melting point of 152°, identical with 
that of diacetylparamidophenol. 

The electrolytic reduction product of paranitrobenzoic acid is, 
therefore, paramidophenolsulphonic acid, the tendency of the oxygen 
atoms to assume the para position being great enough to expel the 
carboxyl group originally occupying it. 





? Technology Quarterly, 6, 64. 
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SOME OBSERVATIONS ON THE GROWTH OF DIATOMS 
IN SURFACE WATERS. 


By GEORGE C. WHIPPLE, S.B., BroLocist in CHARGE, LABORATORY OF THE 
BosTON WATER WoRKS; BIOLOGIST TO THE WATER WORKS OF LYNN. 


Read October 25, 1894. 


For more than a century the study of the diatoms has been a fas- 
cinating pastime. Much has been written on the beauty of their form 
and markings, their animal or vegetable nature, their classification, and 
their peculiar spontaneous movements. Their study is now becoming 
one of practical importance, because it has been found that these little 
plants are often present in large numbers in the ponds and reservoirs 
of our public water supplies, and that they give rise to unpleasant 
tastes and odors in the water. 

On account of the important effects produced by these and other 
micro-organisms, considerable attention is now being given to the 
microscopical examination of water. The most extensive series of 
such examinations thus far published are those of the Massachusetts 
State Board of Health} and those made at the biological laboratory of 
the Boston Water Works.? The former are valuable because of their 
wide range, covering as they do all the public water supplies of the 
State. The value of the latter lies in the fact that the examinations 
have been made at very frequent intervals, and that in every way the 
work has been carried into great detail. The temperature readings 
which accompany each sample are also of great value. It is the pur- 
pose of this article to review some of the data obtained from these 
two sources in regard to the Diatomacee, particularly with reference 
to their seasonal distribution. 





™See Annual Reports of the Massachusetts State Board of Health for the years 1890 
to 1892, inclusive. Also special Report of the State Board of Health on Examinations of 
Water Supplies, 1890. 


?See Annual Reports of the Boston Water Board for the years 1890 to 1893, inclusive. 
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It will be but a slight digression. for me to refer briefly to the 
biological work of the Boston Water Works. The Biological Labora- 
tory was established at the Chestnut Hill Reservoir in the fall of 1889 
by Mr. Desmond FitzGerald, Resident Engineer and Superintendent 
of the Western Division ; and since January, 1890, the work has been 
carried on by the writer under his direction. So far as I am aware, 
this was the first laboratory established by any city for the purpose of 
making systematic biological examinations of its water supply. Ever 
since the work was inaugurated weekly examinations have been made 
of samples of water collected from all parts of the supply, z.e., from 
the brooks, ponds, storage reservoirs, and service taps. Thus we are 
enabled to give a history of the water from the time it falls from the 
clouds until it reaches the mouths of the consumers. Since the first 
of January, 1890, more than 12,000 microscopical and more than 
53000 bacteriological examinations have been made at the laboratory. 
Besides the regular examinations numerous special investigations are 
constantly being made. The laboratory is provided with an excellent 
dark room, and photomicrographs of most of the important micro- 
organisms have been obtained. 

The diatoms, or technically the Dzatomacee, are minute plants 
forming a group of microscopic A/g@ remarkable for their siliceous 
epiderm and for their variety of form and markings. They are uni- 
cellular, though in some genera the cells are united into filaments. 
The cell contents consist of a membrane, cell sap, nucleus, chromato- 
phore plates, and sometimes oil globules and starch grains. Living 
diatoms are surrounded by a gelatinous envelope, which, on account 
of its transparency, can be seen only by adding coloring matter to the 
surrounding fluid. Of the cell contents biologists are at the present 
time most interested in the oil globules, because it is being proved that 


the oils present in the micro-organisms are the direct cause of many 


of the bad tastes and odors of certain drinking waters. 

Of the one hundred and more genera into which the diatoms have 
been classified there are not more than twenty that are commonly 
found in our water supplies, and only six have, thus far, been found 
to be of practical importance, namely, Asterionella, Tabellaria, Melo- 
sira, Synedra, Stephanodiscus,and Diatoma. Some of the other genera 
occasionally met with are Cyclotella, Cymbella, Epithemia, Fragilarta, 
Gomphonema, Meridion, Navicula, Niteschia, Pleurosigma, Schizonema, 
Stauroneis, and Surirella. 
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The six most important genera are not always observed in the 
same reservoir. Generally there are certain diatoms peculiar to cer- 
tain ponds. Lake Cochituate, for instance, often contains large 
growths of Asterionella, Tabellaria, and Melosira, and smaller growths 
of Synedra and Stephanodiscus. Basin No. 3 contains Asterionella, 
Tabellaria, and Synedra, but no Stephanodiscus nor Melosira. In 
Basin No. 2 only Synedra and Cyclotella are found. Fresh Pond, 
Cambridge, is famous for its Stephanodiscus, and Diatoma is often 
very abundant in the Lynn waters. Furthermore, there are ponds 
where diatoms are never found, except in very small numbers at rare 
intervals, while in neighboring ponds they may be present in such 
large numbers that a bottle of the water, when held towards the light, 
has a silvery, glistening appearance. 

Just why diatoms grow in some ponds and not in others it is at 
present impossible to say. A suggestion as to the reason will be 
offered later on in this paper, and as the local distribution is found 
to be closely connected with the seasonal distribution these two sub- 
jects will be treated together. 

In an article by G. N. Calkins,! on “The Seasonal Distribution of 
Microscopical Organisms in Surface Waters,” it has been shown that 
there are two seasons of the year, namely, the spring and the late 
fall, when the diatoms increase prodigiously. The spring maximum 
occurs in April, and the fall maximum in December. During the 
summer and the greater part of the winter diatoms are sometimes 
found, but only in small numbers. 

My own observations on the reservoirs of the Boston Water 
Works confirm these results. I have noticed that, while it is true 
that diatoms appear with considerable regularity each spring and fall, 
the genera which appear at any given season are not always the same. 
If we consider, for example, the spring growths in Lake Cochituate, 
we find that in 1890 the Asterionella first appeared, and that this 
growth was soon followed by one of Zadellaria. In 1891 the growth 
was chiefly Asterionella, Melosira appearing about the same time but 
not developing to any great extent. In 1892 Melosiva was the pre- 
dominant diatom; in 1893, JJelosiva and Asterionella; and in 1894, 
Tabellaria, Asterionella, and Melosira. It would be a matter of great 





1G. N. Calkins: The Seasonal Distribution of Microscopical Organisms in Surface 
Waters. Twenty-fourth Annual Report Massachusetts State Board of Health, 1892. 
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interest to be able to account for these occurrences ; we might then 
be able to control the conditions which favor the growth of one genus 
and retard the growth of another. We should like to keep down the 
Asterionella, the diatom which is most active in producing tastes and 
odors in the water. In case we could not get rid of the diatoms en- 
tirely, we would willingly accept a growth of Synedra if we could keep 
out the Asterionella and Tabellaria. So far as I know, Synedra has 
never been the cause of any trouble. 

A comparison of the microscopical examinations of the different 
reservoirs of the Boston Water Works shows that Basins No. 2 and 


TABLE NO. I. 
AMORPHOUS MATTER. 


Average of weekly examinations of samples from the surface, mid-depth, and bottom 
for a period of four years. 








Locality. Number of Standard Units! per cc. 

| 

Lake Cochituate. . .. . | 432 

Ce a ae 407 

Bae Bick 6 ew! 2 322 
| 

Basins eS Ow 228 
ee | 





No. 4 never have extensive diatom growths, but that in Basin No. 3 
and Lake Cochituate these plants develop regularly in the spring and 
fall. It is possible that the reason for this difference lies in the dif- 
ferent conditions of the bottoms of these reservoirs. When Basin 
No. 4 was constructed all the peat, turf, etc., was carefully removed 
from the bottom. This was done over a large part of Basin No. 2. 
In Basin No. 3 the stripping was not as thoroughly done, and the 
bottom was originally more swampy. Lake Cochituate is a deep, nat- 
ural pond with a muddy bottom. On account of this soft bottom with 
its organic matter the “amorphous matter” has always been higher 
in Lake Cochituate than in Basins No. 2 and No. 4. This is shown 
by Table No. I. 





?One Standard Unit represents a surface area of four hundred square microns. 
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The fact that the diatom growths are in some way connected with 
the muddy bottoms of ponds is also suggested by their seasonal distri- 
bution. It has been observed that the spring growths occur at about 
the same time in Basin No. 3 and in Lake Cochituate, but that the 
fall growths always take place later in Lake Cochituate than in Basin 
No. 3. The reason for this is to be found in the phenomenon of 
“stagnation.” 

It is well known that in ponds which are more than 25 or 30 
feet deep the temperature of the water at the bottom remains quite 
constant during the summer, while the temperature of the surface 
water rises and falls with the temperature of the air. The conse- 
quence is that the lower strata of water remains stagnant during 
the summer ; that is.to say, there are no vertical currents in the water 
below the depth where the wind ceases to keep the water in motion, 
In the fall the surface water cools until it reaches the same tempera- 
ture as the water at the bottom. Then when the density of the water 
is the same--at all depths there is a stirring up; the lower layers are 
brought to the surface, and the light, flocculent, amorphous matter, 
always abundant at the bottom when the soil is muddy, is distributed 
through the water. During the winter, when the surface of the water 
is frozen, there is another period of stagnation, due to the fact that 
the temperature of the water at the bottom tends to remain at the 
point of maximum density (39.2°F.), while the surface temperature 
sinks nearly to the freezing point. Whe winter stagnation takes place 
in both deep and shallow ponds. 

The stagnation of the lower layers is also indicated by the color 
of the water. In Lake Cochituate the water at the bottom acquires 
a dark reddish brown color during the stagnation periods, most marked, 
of course, during the summer, when the period is long. At the time of 
the “turning over” this dark water is distributed through the vertical, 
the result being to increase the color at the surface. These facts are 


_ Shown by diagram on Plate I. 


It will be noticed that there are two periods of the year, each about 
six weeks long, when the water is in circulation from top to bottom. 
It is during these periods that the diatoms develop. Microscopical 
examinations have shown that both in Basin No. 3 and in Lake 
Cochituate the diatom growths occur soon after stagnation ends. 
The Asterionella, for instance, generally appears about one week after 
the turning over. It then increases, reaching its maximum growth 
in from twenty-five to fifty days. 
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DIAGRAM SHOWING THE RELATIONS BETWEEN THE DIATOM 
GROWTHS AND THE STAGNATION AND CIRCULATION OF THE 


WATER IN LAKE COCHITUATE. 


d DIATOMS. 
Average number per c.c. 


for the surface, mid-depth, 
and bottom. 


COLOR. 
(Nessler Scale) 


TEMPERATURE, 
(FPabrenheit.) 


Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
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The bottom temperature of Lake Cochituate is considerably lower 
than the bottom temperature of Basin No. 3 during the summer 
months, on account of its greater depth; hence its turning over oc- 
curs later in the year. This explains why the fall growth of diatoms 
occurs later in Lake Cochituate. The drawing down of Basin No. 3 
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PLATE II. 


each season for the supply of the city also affects the time of the 
turning over of that reservoir. 

The examinations of the State Board of Health furnish corrobo- 
rative evidence that the seasonal distribution of diatoms is controlled 
by the circulation and stagnation of the water. This may be seen by 
comparing the diatom growths in deep and shallow ponds. On the 
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assumption that diatoms grow best immediately after the turning over, 
we should expect to find in the deep ponds two periods of diatom 
growth — one in the spring, following the winter stagnation ; and one 
in the fall, after the summer stagnation. In the case of shallow ponds, 
however, we should expect to find a spring growth following the winter 
stagnation, and for the rest of the year a uniform or irregular distri- 
bution. This is found to be the case. Of twelve ponds and reser- 
voirs more than 30 feet deep, eleven show a well-defined spring and 


TABLE NO. II. 
AVERAGE NUMBER OF ASTERIONELLA IN A CUBIC CENTIMETER OF WATER. 


Based on Monthly Observations for Three Years. 








Masih: | Average of Eleven Ponds and | Average of Sixteen Ponds and Res- 
Reservoirs over 30 feet deep. ervoirs less than 30 feet deep. 
AOHONER sa <6 eu Se “5 410 77 
PADIUNEy: ee ee es 331 58 
DMRGN 4s. oe A | 475 61 
bie ia toe aS he ee | 799 190 
MAE 2 Stce nae ies 4 | 617 332 
es ere et fe na ohh ae ee | 89 48 
OEY ie ore ie os) Ver: “eh Soa | 29 75 
PONE As, er ee (an Ge | 27 46 
PEpIOIADEY 2c ek 26 42 
Cetemsrr i se a Gs 47 138 
NOVEMUEr fe Se St 103 93 
WOOMINOE a km 275 68 














fall growth, while in one instance the growth was uniformly distrib- 
uted; and of seventeen ponds and reservoirs less than 30 feet deep, 
eleven have diatom growths appearing at irregular intervals but hav- 
ing a slight spring maximum, while four have both a spring and fall 
growth. 

Table No. II shows a comparison between the deep and shallow 
ponds with regard to the number of Asterionella found each month. 
The figures were obtained by averaging monthly observations extend- 
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ing over a period of three years. The first column is made up of aver- 
ages of eleven ponds over 30 feet deep, and the second column of 
averages of sixteen ponds less than 30 feet deep. These results are 
shown by diagram on Plate II. The depth of 30 feet was selected as 
the dividing line between the deep and shallow ponds because stagna- 
tion does not ordinarily occur in ponds having less depth than that. 
It is probable, however, that the four shallow ponds referred to in the 
preceding paragraph as having spring and fall growths of diatoms 
have also periods of winter and summer stagnation. 

An examination of Plate II shows that the diatom growths are 
most extensive in deep ponds. In those ponds, also, the spring and 
fall maxima are the most marked, and there is almost an entire ab- 
sence of diatoms during the summer months. The spring growth is 
observed in the shallow ponds, and there ‘is a slight indication of a fall 
growth. During the summer the curve for the shallow ponds is higher 
than for the deep ponds, and is somewhat irregular. It will also be 
noticed that in the deep ponds the spring growth occurs earlier and 
the fall growth later than in the shallow ponds. This is what might 
be expected from what we know of the phenomenon of stagnation. 

In order to find the reason for the rapid development of diatoms 
after the turning over of the water, let us look at some of the chem- 
ical analyses. In Table No. III will be found a summary of the State 
Board of Health analyses for Lake Cochituate and Basins 2, 3, and 4 
for a period of about five years. 

Bearing in mind that Lake Cochituate and Basin No. 3 support 
immense growths of diatoms and that Basins No. 2 and No. 4 do not, 
it will be seen that the mineral constituents as indicated by the chlo- 
rine, fixed residue, hardness, and nitrates are higher in those cases 
where diatoms abound. The free ammonia and nitrites are also some- 
what higher. On the other hand, the color, loss on ignition, and albu- 
minoideammonia do not seem to bear any direct relation to the diatom 
growths. 

Reasoning by what is known of the higher plants, we may assume 
that the most important factor is that of the nitrates, and we should 
expect, therefore, that the nitrates would be high during or just pre- 
ceding a growth of diatoms. 

That this is the case is shown by Table No. IV, where the chemical 
analyses are tabulated by periods corresponding to the rise, fall, and 
absence of diatoms. Each of these periods is subdivided. The first 
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subdivision includes the time when the surface of the water was 
frozen; and the second, the period of open water. This subdivision 
is important because it has been found that no extensive growths of 
diatoms occur when the surface of the water is covered with ice. 
During the period of diatom development the nitrates were .0240 
in Lake Cochituate, and .0200 in Basin No. 3. While the diatoms 
were disappearing, yet above 200 per cc., and when there were fewer 


TABLE NO. III. 
CHEMICAL ANALYSES. 


Means of Monthly Analyses for Five Years. (Parts per 100,000.) 














Lake Cochituate. | Basih 3. | Basin 2. Basin 4. 
CUE eats. po eS. By tes | -20 75 | 89 67 
Rese RAL fe os, 2, Se | 4.66 5.07 | 4.31 5.51 
Residue, loss onignition . ... . | 1.35 1.90 | 1.82 1.53 
ee es 3.18 | 2.48 1.99 
Chistee Oe ee. os (SPE re Peas | 46 +39 | .28 22 
Albuminoid Ammonia, suspended . . | -0034 -0045 | -0038 -0034 
Albuminoid Ammonia, dissolved. . . | .0144 .0215 | 0201 0176 
Bree Amipena. 6 6 ke ew | -0018 -0026 | -0008 -0011 
Nitrites | 0002 0002 0001 0001 
Oi 26 eincesaie) ae 0171 | 0085 | — .006s 
Rrareegee ess nig ere, aed oe he | 2.07 1.80 1.05 1.19 











than 200 per cc., the nitrates were high during the time when the sur- 
face was frozen ; but they were much lower during the period of open 
water. This seems to indicate that diatoms require both nitrates and 
a free circulation of air. If either is lacking they will not develop. 
This fact throws some light on their seasonal distribution. In the 
winter air is lacking; in the summer nitrates are low; but in the 
spring and fall nitrates and air are both present. That diatoms need 
air has already been shown by laboratory experiments, but whether it is 
the oxygen or the carbonic acid gas of the air has not been determined. 

It is probable, also, that the effect of light has some bearing on 
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their growth. It has been proved that diatoms will not develop in the 
dark, and it is said that bright sunlight will kill them. ; 

Table No. IV also shows that the fixed solids, dissolved albuminoid 
ammonia, and the free ammonia bear little relation to the diatom 
growths. If, now, we compare Table No. IV with Table No. V, which 
gives the amount of nitrates present in Basins No. 2 and No. 4 during 
the periods corresponding to the increase, decrease, and absence of 
diatoms in Basin No. 3, we shall see, perhaps, why these basins do not 
support large diatom growths. When the diatoms were increasing in 


TABLE NO. V. 


CHEMICAL ANALYSES. (Parts per 100,000.) 











¥ 
Nitrates. 
Condition of Surface of 
Dratoms IN BASIN 3. Basins 2 and 3. 

Basin 2. Basin 4. 

| 
Increase ee Frozen. eee 
Increasing <2. eins sew ww 6 os & | Nebirosen. -0110 -0070 
Above 200 per cc., but decreasing. . . . Frozen. 
Above 200 per cc., but decreasing. . . . | Not frozen. -0080 -0018 
Below 200 perce. . . . ~. + © « « « | Frozen. -0160 -0108 
Below 200 petce: 2. 6 6 se 2 & | NOE iroxen. -0051 -0058 














Basin No. 3, the nitrates were only .o110 in Basin No. 2 and .0070 
in Basin No. 4, as compared with .0200 in Basin No. 3 and .0240 in 
Lake Cochituate, and during two of the other periods the nitrates 
were still lower. During one period they rose to .o160 in Basin No. 2 
and .o108 in Basin No. 4; but at that time the surface was frozen and 
there was no circulation of air, and consequently no growth. 

Asa confirmation of the theory that diatoms require nitrate food 
we have the following analyses from the State Board of Health. 
Eighteen ponds and reservoirs in which Asterionella growths reached 
1,000 per cc, gave .0188 as the yearly average of the nitrates present ; 
six ponds and reservoirs where the growth was between 500 and 1,000 
per cc. gave an average of .oog1 ; and for sixteen ponds and reservoirs 
where the Asterionella were less than 500 per cc. the average of the 
nitrates was .0080. Of the eighteen ponds and reservoirs which make 
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up the average .0188, five were less than .0080; but these ponds had 
the nitrates considerably above .o100 during the periods when the 
diatoms were increasing. 

It must not be supposed, however, that the diatoms live entirely 
on nitrates. Other food materials are, of course, necessary ; and it is 
possible that the diatoms may have the power of assimilating nitrogen 
in other forms than the nitrates. Culture experiments are now being 
conducted at the laboratory of the Boston Water Works which may 
throw some light on this question. 

We have now to consider the condition of the water at the bottom 
of the deep ponds. This is shown by Table No. VI, where analyses are 
given for the surface and bottom of Lake Cochituate, Basins No. 3 and 
No. 4, and Jamaica Pond during the stagnation periods. In Lake 
Cochituate, Basin No. 3, and Jamaica Pond there is seen to be a large 
amount of decaying organic matter at the bottom. This is shown by 
the high free ammonia. On account oftthe absence of oxygen at the 
bottom the decomposition could not be carried beyond that stage. 
Iron, manganese, and silicon were also highest at the bottom. In the 
case of Basin 4, which was stripped of its peat, loam, etc., before fill- 
ing, there is little decomposable organic matter at the bottom. 

At the turning over of the water the free ammonia is brought to 
the surface, where the bacteria, supplied with plenty of oxygen, com- 
plete the decomposition, changing the nitrogen to the nitrate form. 
At the samie time, also, it is probable that the diatoms or their spores 
are brought up from the bottom and scattered through the water, 
where, finding an abundance of nitrates and air, they develop rapidly. 
If, however, there is no free ammonia at the bottom, as is ordinarily 
the case in properly prepared reservoirs, no nitrates will be found at 
the time of the turning over, and consequently no diatom growths 
will appear. 

We thus have strong evidence in favor of the removal of the top 
soil when preparing a reservoir for the storage of water. This pos’. 
tion has already been taken by some of the most eminent of our 
engineers. Its practice ought to be universal. 

The question of the rate of increase of micro-organisms is an im- 
portant one. It is especially interesting in the case of diatoms, be- 
cause it has been the subject of numerous controversies. It has 
generally been assumed that the increase takes place in accordance 
with the law of geometrical progression, 7.¢., starting with a single 








CHEMICAL ANALYSES. 


TABLE NO. VI. 
(Parts per 100,000). 
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cell, this cell after a certain time divides into two, each of which after 
another interval of time divides into two more, and so on, so that 
after z intervals of time, the number of cells would be a, where 
a= I and += 2. 

There are some writers, following Otto Miiller,! who have claimed 
that the increase takes place more slowly than this, because, they say, 
when a cell divides the smaller of the resulting cells does not have 
the same power of reproduction as the larger on account of lacking 
the necessary thickness of connective band. My own observations 
seem to show that the diatoms do increase substantially in accordance 
with the laws of geometrical progression, and that the ratio varies 
between 1.3 and 2.0 per week, the average ratio for ten growths of 
Asterionella covering a period of thirty-five weeks being 1.58. The 
corresponding ratio for Zabellaria was 1.56. We may say, in a gen- 
eral way, that during a vigorous growth the diatoms increase at the 
rate of about 50 per cent. each week. 

On Plate III will be found a diagram showing the rate of growth of 
Asterionella in Lake Cochituate. The full lines represent the diatom 
growths. The broken line represents the equation /= ar", where 
a=I, r= 1.58, and z=the number of weeks. The number of 
weeks are plotted as abscissz, and the number of Asterionella per cc., 
as ordinates. 

A growth of Synedra in Basin No. 2, lasting ten weeks, had a 
slower rate, the average ratio being 1.3 per week. In this growth the 
Synedra multiplied more rapidly at first than they did later on. The 
ratio for the first half was 1.4, and for the second half, 1.2. 

But to say that the diatoms increase slowly and regularly does not 
tell the whole story. Oftentimes they develop with extraordinary 
rapidity, sometimes jumping from 132 to 1,575 per cc. in a single 
week, as Asterionella did in Walden Pond, Lynn, Massachusetts, in 
October, 1893. The reason for these sudden and enormous develop- 
ments is not known. We have tried to associate them with some 
sudden increase in the amount of food material. But though we 
have been thus far unsuccessful, it is quite probable that that is the 
cause. It is possible, as some have suggested, that it is in some 
way connected with the formation of sporangial frustules, the result 
of conjugation. 





? Dr. H. Van Heurck. Synopsis des Diatomées en Belgique, p. 13. 
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This phenomenon is an interesting one, but comparatively little is 
known about it. The theory is this. The diatoms grow smaller as 
they subdivide. Finally, after reaching a certain size, or after a cer- 
tain weakening of the power of subdivision, a conjugation takes place 
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equation 7—ar”, where 

Z—Number of Asterionella per c.c. (Ordinates) 
n=—Number of Weeks (Abscissae) 

a=1 , r=1.58 
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between two of the cells, the result. being a sporangial frustule, from 
which a larger cell is produced. This divides and subdivides, the new 
cells growing smaller and smaller, until a new conjugation is necessary. 
Among certain genera artificially cultivated this process has been 
observed. I have found the sporangial frustules of J/e/osira in a jar 
of water which had been standing for a few weeks in the laboratory, 
and I have seen Asterionella in what appeared to be a conjugating 
form; but the facts do not warrant any positive statements. The 
decrease in the size, however, has been repeatedly observed ; it is 
especially marked in Stephanodiscus and Cyclotella. 

Thus far we have considered only the increase of the diatoms, 
They probably cease to develop when their food supply is cut off. 
This has already been shown by Table No. IV. The periods of de- 
creasing growth are marked by a deficiency of air or nitrates. It is 
to be regretted that more determinations of ‘nitrates have not been 
made in connection with the development of diatoms. With frequent 
observations it might be possible to predict the extent of growth and 
the time when the growth would culminate. Such information might 
be of practical value. 

The decrease of diatoms is ordinarily quite abrupt, but they some- 
times linger over a long period. Generally a rapid growth is followed 
by a rapid fall. During the period of decline the cells are often 
broken up; the brown coloring matter is less abundant, and is fre- 
quently massed together in spots instead of being spread out in plates 
over the cell; occasionally it has a slight greenish color. Empty cells 
are always abundant during the declining period. During an increas- 
ing growth the diatoms are generally most abundant at the surface of 
a pond; during the period of decline they are usually more abundant 
towards the bottom. 

As to the effect of temperature on diatoms, our observations indi- 
cate that the variations of temperature usually met with in the ponds of 
this climate have comparatively little influence on their growth, cer- 
tainly not enough to account for their seasonal distribution. Diatoms 
grow well both in summer and winter, provided food is plenty. Vigor- 
ous growths have been observed at temperatures ranging from 35° to 
75°F. The mean temperature at which the maximum Asterionella 
growths have been observed in Lake Cochituate is 50° F., the temper- 
atures of the different growths, however, varying from 35° to 67°. 
The temperature of the water affects the diatoms indirectly by pro- 
ducing stagnation, as has already been pointed out. 
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RESUME, 
In this paper I have endeavored to show: 


1. That the growth of diatoms in ponds is directly connected with 
the phenomenon of stagnation; that their development does not occur 
when the lower strata of water are quiescent, on account of greater 
density, but rather during those periods of the year when the water 
is in circulation from top to bottom. 


2. That diatoms flourish best in ponds having muddy bottoms. 

3. That in deep ponds there are two well-defined periods of 
growth —one in the spring and one in the fall; that in shallow ponds 
there is usually a spring growth but no regular fall growth, and that 
other growths may occur at irregular intervals as the wind happens 
to stir up the water. 

4. That the two most important conditions for the growth of 
diatoms are a sufficient supply of nitrates and a free circulation of 
air, and that both these conditions are found at those periods of the 
year when the water is in circulation. 

5. That while temperature has possibly a slight influence on the 
growth of diatoms, it is of so little importance that it does not affect 
their seasonal distribution. 

6. That the increase of diatoms takes place substantially in accord- 
ance with the law of geometrical progression, and that the cessation 
of their growth is caused by the diminution of their food supply. 


In conclusion I desire to record my appreciation of the kind 
advice of Prof. W. T. Sedgwick and Mr. Desmond FitzGerald, C. E., 
and I wish also to express my thanks to Mr. W. F. Murphy, who has 
assisted me in the preparation of this paper. 
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CLOSE SIZING BEFORE JIGGING. 


By ROBERT H. RICHARDS, S.B. 


Received October 24, 1894. 


THE extent to which sizing by sieves should be carried, as a pre- 
liminary to the separation, by jigging, of minerals of different specific 
gravities, has been a matter of controversy for many years. The sub- 
ject has been investigated by several authorities, yet the ground does 
not seem to have been completely covered, nor are the questions in- 
volved entirely settled. For my present purpose I shall refer to but 
three investigators — Rittinger, Munroe, and Hoppe. 

In seeking additional light, I have gone over part of the old ground 
which has been considered satisfactorily settled; and since these pre- 
liminary tests have thrown light on some points, they have been in- 
cluded in this paper. 

In the investigations here described, I have confined myself, for 
several reasons, wholly to small sizes— grains of 0.1 inch in diameter 
and less. Rittinger’s work was mainly done upon larger sizes, and 
there is much need among millmen of information concerning the 
smaller sizes. Moreover, these sizes brought the investigation within 
the means at my disposal. 

The laws that have been claimed as the laws of jigging by the 
several authorities are: 

1. The law of equal-settling particles. 

2. The law of interstitial currents. 

3. The law of acceleration. 

4. The law of suction. 

The first of these has been considered by investigators generally 
to be the most important of all, and the larger part of the work of 
jigging is thought to be governed by it. But that it does not cover 
the whole of jigging is clear to all; and to account for the increased 





* Read at the Virginia Beach Meeting of the American Institute of Mining Engineers, 
February, 1894. 
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efficiency, which we may call the extra jigging-catch, the other three 
laws have been advanced. 

The investigation described in this paper was undertaken to de- 
termine, as far as possible, to what extent each of the four laws con- 
tributes towards the results of jigging. The discussion will be taken 
up in the order indicated above. 


I. Eguat-SETTLING PARTICLES. 


If we drop into a deep vessel filled with water an unsized product 
containing particles, say, of galena and quartz, which have been thor- 
oughly wetted, and all of which will pass through a limiting-sieve of 
ten meshes to the linear inch, we shall find that, after the short in- 
terval of acceleration, each particle will fall at its maximum velocity 
towards the bottom. These velocities, if the particles do not interfere 
with each other, and if they are all cubes or spheres, will depend upon 
two things, namely, the specific gravity and the size of the grains. 
Of two particles of equal size, but different specific gravity, the 
heavier will fall the faster. Of two particles of like specific gravity, 
but different diameter, the larger will fall the faster. Evidently, there- 
fore, any larger particle of the quartz will have the same velocity as a 
certain smaller-sized grain of galena. These two grains are said to be 
equal-settling particles. 

Rittinger gives, in his treatise, three formulas to represent the 
relation between diameter of grains and rate of falling in water for 
irregular-shaped grains: 


a) 


V=2.73 VD (6—1), for roundish grains. 
V = 2.44 VD (6—)), for average grains. 
V = 2.37 VD (6—)D, for long grains. 
V=1.92¥ D (6 — 1), for flat grains. 


In which Vis the velocity in meters per second; D, the diameter 
of particles in meters ; and 6 the specific gravity of the minerals. 

From the formula for the average he computes the ratio of the 
diameters of quartz and galena particles that will be equal-settling in 
water. Taking the specific gravities as determined by me, viz., for 
quartz, 2.640, and for galena, 7.586, and using his formula for the 
average grain, we should have, 


For quartz, V? = 5.9536 D; X 1.64, 
. For galena, V? = 5.9536 Do X 6.586. 
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For equal-settling particles we equate the two values of 77, and 
deduce 
D; _ 6.586 


<< == 4.015. 
Dz 1.64 


That is to say, the particle of quartz will have a diameter four times 
as large as the galena. 

The minerals employed in the investigation described in this paper 
are given in Table I, with their specific gravity, and the multiplier 
which gives the diameter of the equal-settling grain of quartz, com- 
puted from Rittinger’s formula_for average grains. 











TABLE I. 
Minera. | Specific Gravity. | weuiadiics Sai 
PORE SS og lS. en he 6 oe) gst aol Pae 1.473 -288 
OS ee aes eek Cent 2.640 1.00 
Ria Oe is ad Va Nori aisha ciel os wae as 3.380 1.45 
NN rs Ae i NS Boe et 4.046 1.85 
REE ra ge ae a 4.508 2.14 
Magnetite © 2. ee ee ee ee ee 4.987 2.43 
RRR ian shel Tac cel, See tay Ponda lel ier Sol 5.334 2.64 
UREHIOPYIING \ 55:6 Pcs ed alps ssl 5.627 2.82 
SOMMMEENDIR CS Satie Saas ho gh otter cp ate Ses Me 6.261 3:22 
Antimony (artificial) . . 6°. 2... 6.706 3.48 
MMIII tcc) 5A tw eda we 6.937 3.64 
UE ES 0S Ea PR ae 7.586 4.01 
Copper (lake Superior). . 3.6 2 5 «>. 8.479 4.56 








Rittinger (1866) considers the law of equal-settling particles to be 
- the law of jigging, and infers, in consequence, that a jig should be 
fed with particles of galena and quartz, for example, that are in no 
case equal-settling. To prepare the sands for a series of jigs, then, 
there will be required. a series of sieves graded according to the 
diameters of their meshes. The ratio for the diameters of these 
meshes for jigging quartz and galena, for example, will be 1:4, and 
for the other minerals, as the multipliers given in Table I. 
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Upon this theory the continental system of close sizing before 
jigging has been developed. 


Fig. 1. 
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SORTING-TUBE. 


With a view to studying this question experiments 
were instituted upon the rates of falling in water, 
and for this purpose a sorting-tube of the size in- 
dicated in Figure 1, and marked at a, 8, and ¢, was 
mounted vertically and filled with water to the top. 
Each mineral was sized by a series of sieves, the 
values of the holes in which were obtained with 
great care. 

Table II shows the manner in which the size of 
the grains delivered upon each sieve was computed. 
For convenience the sieves were arranged in a nest 
(see Figure 2), so that when the nest was shaken a 
sample of mineral placed on the upper sieve delivered 
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NEsTs OF SIEVES. 


all its different sizes, each upon its own sieve. Fall-velocities were 
obtained by allowing a number, perhaps fifty, of grains of the same 
size to fall the distance of 8 feet, from a to ¢ in the sorting-tube, and 
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noting the period required for the passage of the fastest grain, and also 
the time required for approximately 90 per cent. of the grains to pass, 
This proportion of 90 per cent. was preferred to the observation of the 
slowest grain, because the slowest often lags an indefinite distance 
behind. The results of these tests are given for fastest grains in 
Table III; for slowest, in Table IV. 














TABLE II. 
COMPUTATION OF GRAIN-SIZES. 
= ; s S ".. ~ 2 
y _ ne ae + ee z 
= a) Z a a) | & < < 
3 3 0503 2830 | 3 0503 | .2830 | 2830 | 
4 3.75 | .o#71 | .2196 | 42, | .0447 | .1977 | .2087 | 2458 
5 5.25 | .0404 | .1500 | 5 0404 | .1596 | .1548 | .1817 
6 6 oss2 | 131s | 5.9 | 036s | .1330 | .1322 | 1435 
8 8 o2s0 | .o970 | 7.5 | .0279| .1054| .1012 | 1167 
10 old | 10 0250 | .0750 | 3 | .0280 | .0909 | .0s30 | .o9a1 
10new | 10.4 | .0250 | 0712 | 10 | .0220| .o780 | .0746 | .0879 
12 12 221 | 0613 | 118 | ,o221 | .0626 | .o619 || -728 
14 14 0197 | .0517 | 14 | .o197 | .0s17 | .0s17 | .0s68 
16 16 .ois2 | .0443 | 14.6 | .0183 | .0so2 | .o472 | .0495 
18 18 0170 | .0386 | 184 | .0158 | .0386 | .0386 | .0429 
20 iss | .ol61 | .0371 | 20 | .0156| .0344 | .0357 | .0372 
24 22 0133 | .0322 | 24 | .0138 | .0279 | .0300 | .0329 
30 28 012+ | .0233 | 30 | .o121 | .0213 | .0223 | .0262 
40 35 0100 | .0186 | 40 | .0100| .01s0 | .o168 | 0195 
50 40 0090 | .o160 | so | .0083} .o17 | .0138 | 0153 
60 61.5 oos1 | .00s1 | 47 | .0076 | .0136 | .o109 | 0124 
80 67 005s | .004 | 81 0085 | .0068 | .o081 | .0095 
100 101 .0047 | .0052 | 102 | .0043 | .0055 | .0054 | .0068 
120 116 .0034 | .0052 | 120 | .0034 | .0049 | .0051 | .0052 
140 128 0034 | .0044 | 136 | .0034 | .0039 | .o042 | .0046 





























t Average of 12 with old 10-mesh. 2 Average of 12 with new ro-mesh. 
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The specific gravities are the result of three or four closely agree- 
ing tests. The diameters are given in fractions of an inch; the 
velocities, in inches per second. In all cases the grains were thor- 
oughly wetted, and in many cases they were boiled in water before 
being dropped. 

Some remarks are called for by apparent inconsistencies in Table 
III. In nearly every instance cassiterite fell faster than antimony, 
although its specific gravity is lower. I explain the low specific 
gravity given by the presence of a little quartz in included grains 
with the cassiterite, while the free grains probably have a higher 
specific gravity than antimony, and fall ahead of that metal, as they 
should. The inconsistency between chalcocite and magnetite is due 
to the shape of the particles; magnetite has rounded or cubical grains; 
chalcocite is very flat and scaly. Copper does not lead galena nearly 
so much as one would expect. This is due to the shape of the par- 
ticles. The copper was Calumet and Hecla stamp-copper, as free as 
possible from rock, pieces being all more or less flattened, and the 
finer particles were to some extent arborescent and leaf-like, while 
the galena was taken from large pure cubes of Wisconsin mineral. 
The work upon magnetite broke down at the 60-mesh sieve, sizes 
below attracting each other so much that the large flakes resulting 
made a test impossible. 

The fall-velocities for the slowest particles, that is, the particles 
which fell at a period when go per cent. (as estimated by the eye) had 
fallen, are given in Table IV. These are perhaps of less value than 
those of the fastest particles, since there is a certain personal equa- 
tion which may vary. But for other reasons, as I think I shall be able 
to slow later, these values are of very great interest and play an 
important part in the whole ore-dressing discussion. The values 
marked! and.all below them in the columns were measured upon 
1-foot fall instead of 8 feet, and are therefore somewhat better 
determinations than the values for the corresponding sizes in the 
other columns. Towards the lower ends of these columns frequent 
inconsistencies will be noted. They are, however, not very serious, 
and are accounted for partly as in the case of the fastest grains (Table 
III), and partly by the difficulty in judging the go per cent. 

That the meaning of the figures in Tables III and IV may be 
more plainly shown to the eye, curves may be drawn representing the 
fastest and slowest grains for each mineral. The points of actual 
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observation, and those of the corresponding calculated parabola, are 
shown in diagrams I to 13 inclusive. 


DIAGRAM 1. 


Velocity in x inches per second. 
8 1 2 8 4 1B 6 “| 8 9 | i CR | ae ee a | ee ee 


Diameter in inches. 





COPPER SP. GR. 8.479 AM.BANK NOTE CQ.N.Y. 
Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


The parabolas that are plotted in these diagrams with the fall- 
velocities were calculated as follows: For example, take the fastest 
grains of galena. A point is selected on the .o§ inch diameter line 
which would apparently bring the parabola well among the observed 
points. Its velocity, 15.2 inches per second, is read upon the upper 


line. We then fill in the formula for the parabola. 
Rae. 
V = velocity in inches per second. 
D = diameter of the grain in inches. 
= a constant. 
15.2 X 15.2 __ 


C = 4621. 
05 
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DIAGRAM 2. 


Velocity in inches per second. 
1 2 8 4 5 6 7 8 9 10 «611 2» 2. t. B..3 7 18 19 





Diameter in inches. 


GALENA SP. GR. 7.586 ere 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


We then assume different velocities and solve the equation, 


YP’ = 4621, 
D 


to get the values of D. Dand V being known, the plotting of the 
curve is easily done. 

Table V shows, for these thirteen minerals, both Rittinger’s and 
the author’s parabolas for fastest and slowest grains. 

The discrepancy between the two sets of parabolas is striking. 
That Rittinger’s values for the slowest grains should be less than 
mine is natural, since I did not wait to get absolutely the last grain, 
but marked the moment when go per cent. (estimated) had passed. In 
regard to the fastest grains, however, my method of letting fifty grains 
fall at a time selects by natural process the fastest grains of the fifty, 
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and should yield higher results than the method of picking out compact 


grains by the eye, and letting them drop one at a time. 
makes a more perfect selection than can the eye. 


were tried, and found to confirm this view. 


TABLE V. 


COMPUTED PARABOLAS OF FALL. 


The test 


Individual grains 





Rittinger’s Parabolas. 


Author’s Parabolas. 




















shia: ‘a | aan | tn | ee 
v2 v2 ve v2 
D D D D 
Copper 2229 1102 4683 973 
Galena 1977 972 4621 2113 
Wolframite . 1769 875 3920 1225 
Antimony 1701 841 3540 1056 
Cassiterite 1569 776 3844 1156 
Arsenopyrite 1380 682 3425 812 
Chalcocite 1293 639 2599 673 
Magnetite 1189 588 2599 1037 
Pyrrhotite 1046 517 2520 720 
Sphalerite 909 450 1730 720 
Epidote 709 352 1585 520 
Quartz 489 242 925 353 
Anthracite 141 70 180 20 














The computations made by ‘A. E. Woodward and myself from 
Rittinger’s formulas, and published in our paper on this subject 
(Transactions of the American Institute of Mining Engineers, 18, 644), 
must therefore give place to the present figures obtained by actual 


test. 


To compare further the results obtained by the fall-tube with those 
of Rittinger, the ratios of diameters of the particles of the several 
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DIAGRAM 3. 


Velocity in inches per second. iw 
: §. ©. SS. 2 Se. ee. 6.0 19 





2 
on 


Diameter in inches, | 
: R 


S 
oe 


WOLFRAMITE SP. GR. 6.937 a eee 


Observed Velocities of Fall in Wa4ter, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


minerals to those of equal-settling particles of quartz were deter- 
mined as follows: A number of velocities were assumed, and corre- 
sponding diameters of the fastest grains for each mineral were taken 
from te curves of free-falling particles. These values are here tab- 
ulated. (See Table VI.) 

From these figures for fastest grains were computed multipliers to 
be used in obtaining the diameters of equal-settling particles of quartz. 
These are given in Table VII, in the final column of which Rittinger’s 
multipliers for average grains are also given. 
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DIAGRAM 4 


Velocity in inches per second. 
1 2 3 4 5 6 7 8 9 0 11 28 28 1 







2 


_ Diameter in inches. 


8 


ANTIMONY SP, GR. 6.706 
Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 
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TABLE VI. 
DIAMETERS CORRESPONDING TO GIVEN VELOCITIES OF FALL. 
| Ve ocity 1n INCHES PER SECOND. 
MINERAL. | 1 2 3 4 | 5 6 7 | 8 | 9 
H & 
| Diameter in Inches. 
Wetter OD RB sai eel inecgaies|saveneleesses|oaas.ec 
Onarte. . . 2s so SS oS 1201) -017 | .03 .041 | .053 | .064 | .075 
Epidote.. . . . » « (300355 | 2007. | 0105: | 015. 1-02 .0255 | .034 | .041 | .051 
Sphalerite Pee: ho: 0065 | .0105 | .0145 | .0185 ! .025_ | .0315 | .0385 | .048 
EN ae ee ee ee -0055 | .0085 | .0115 | .O15 | .0185 | .0235 | .03 036 
OS | ee eer. er .005 |.0075 | .0105 | 0145|.018 | .022 | .0262 | .0345 
Arsenopyrite . . . . Joosese .005 | .007 | .009 | .0124 | .016 | .0195 | .0225 | .0255 
Siamese: 4. +. <4 Useacne -0045 | .00615 | .0085 | .O11 | .014 |.0175 | .021 | .024 
Antimonv. . . . . « |eceeee} 0035 | .0055 | .0085 | .O11 | .014 | .0175 | .0215 | .025 
UITEENUE 6) a. << S) Avanane -0035 | .006 .0082 | .0105 | .0135 | .0165 | .0195 | .023 
SS Se rere reese -0035 | .006 .0075 | .010 | .012 | .0145 | .017 | .020 
SGOMROT 2 5 oe 0h Taawetes -0035 | .0055 | .0072 | .010 | .0128 | .0148 | .017 | .020 
| | 
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DIAGRAM 5. 


1 2 3 4 5 


Velocity in inches per second. . 
6 7 8 ‘ ¢ tf tf £2 Bn BD 







Diameter in inches. 


CASSITERITE SP. GR. 6.261 Se 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


TABLE VII. 
EQuAL-SETTLING FACTORS, OR MULTIPLIERS FOR OBTAINING THE DIAMETER OF QUARTZ 
WHICH WILL BE EQUAL-SETTLING WITH THE MINERAL SPECIFIED. 


























| VeLocity 1n INCHES PER SECOND. = 

. a 

MINERAL. | I | 2 | 3 | 4 | 5 | 6 | got g | 9 < 
| | | | be 
Author’s Multipliers. | 33 

- i era ape = mle | 

Anthracite... . . 500}, 352} ..225 | DES | coasatreaeal cease | reer Bis | -288 
Epidote. . . . . . [1.57 [1.35 | 1.05 | 1.13 | 1.50] 1.61 | 1.56 | 1.56 | 1.47 | 1.45 
ppialerite . 2. «ss lscsess 1.46 | 1.05 | 1.17 | 1.62 | 1.64 | 1.68 | 1.66 | 1.56 | 1.85 
> avant nn Prete 1.73 | 1.29 | 1.48 | 2.00 | 2.22 | 2 26 | 2.13 | 2.08 | 2.14 
Chalcocite ei ae 1.90 | 1.47 | 1.62 | 2.07 | 2.28 | 2.41 | 2 44 | 2.17 | 2.64 
Arsenopyrite . . « . |.sece- 1.90 | 1.57 | 1.89 | 2.42 | 2.56 | 2.72 | 2 84 | 2.94 | 2.82 
Cassiterite . . 2 2 1 |cceee 2.11 {1.79 | 2.00 | 2.73 | 2 93 | 3.03 | 3.05 | 3.12 | 3.32 
Antimony 2.) 1. [lisse 2.71 | 2.00 | 2.00 | 2.73 | 2 93 | 3.03 | 2.98 | 3.00 | 3.48 
Wolframite. . . . . |...... 2.71 | 1.83 | 2.07 | 2.86 | 3.04 | 3.21 | 3.28 | 3.26 | 3.64 
Galena ae So Se eases 2.7% | 1.83 | 2.26 | 3.00 | 3.42 | 3.65 | 3.76 | 3.75 | 4.01 
RNR an ee. eS. Weocwer 2.71 | 2.00 | 2.36 | 3.00} 3.20 | 3 58 | 3.76 | 3.75 | 4.56 
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DIAGRAM 6, 


Velocity in inches per second. 
7 9 10 11 2 14 3 12 17 18 


, Diameter in inches. 
f= 


8 


al 





ARSENOPYRITE SP. GR. 5.627 Pee ee ON 
Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. ° 


Upon inspection of the curves for free-falling grains, in diagrams 1 
to 13, three facts are noticed : 

1. The lines of fastest grains and of slowest grains depart very 
considerably from the parabola, particularly on the smaller sizes. 

2. The space between the two lines of fastest grains and slowest 
grains is a wide zone or belt. 


3. The width of the zone may vary greatly, depending upon the 
shape of the particles —for example, the copper zone is much wider 
than that of the galena. 

With regard to the first point, Rittinger makes note of the fact 
that his formulas fail for finer sizes. These curves, therefore, place 
on record the degree to which they have failed with the minerals here 
tested. We see that the velocity of any’ mineral which tends to break 
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DIAGRAM 7. 


Velocity in inches per second. 
6 q 8 10 11 12 13 14 15 16 7 618 






Diameter in inches. 
2 


AM,.BANK NOTE CO.N.Y, 


CHALCOCITE SP. GR. 5.334 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


into flat scales, or elongated grains (for instance, copper or chalcocite), 
is so modified as to change its class entirely. Thus, the curves for 
fastest grains of galena and copper are almost identical, although their 
specific gravities are widely different. 

Each mineral has, therefore, its own “personal equation,’ and 
minerals cannot be classed by specific gravity alone. Hence, no 
formula can be founded on specific gravity and sieve size only. It 
must be modified by the coefficient of each mineral for practical 

use. 
The second point, also, was recognized by Rittinger, as is shown in 
his formulas for fastest grains and slowest grains already quoted in 
this paper. But the deduction which followed from adopting a mean 
value for these grains has been somewhat of a puzzle to me. 
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D1aGRAM 8. 


Velocity in inches per second. 
6 7 8 9 Se Oe i a ae a oe 


Diameter in inches. 
‘ 2 


2° 





MAGNETITE SP. GR. 4.987 i 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


Let us take an example from the curves of sphalerite (blende) and 
quartz. A mean grain of quartz of .o7 inch diameter will fall 6.7 
inches in one second. Following down the sphalerite curve we find 
that a mean grain of sphalerite of .039 inch diameter settles 6.7 inches 
in one second. If, then, we were to use these mean values, as Rittin- 
ger recommends, for obtaining our sieve-scale, we should conclude 
that with two sieves, one having holes of .o7 inch diameter and 
the other of .039 inch diameter, the fastest grain of quartz between 
these two sizes has less speed in settling than the slowest grain of the 
sphalerite, and therefore this product would be jiggable according to 
the law of equal-settling particles. But, in fact, the fastest grain of 
quartz falls about 8.5 inches in one second, while the slowest grain 
of sphalerite settles only 5 inches in one second; hence, the product 
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DIAGRAM 0. 


Velocity in inches per second. 
i! € 9 19 


= a a a oe oe 








Diameter In inches, 


PYRRHOTITE SP. GR. 4.508 nn enn 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


is unjiggable according to the law of equal-settling particles. Indeed, 
these zones of quartz and sphalerite lap over on each other even ona 
. single sieve ; and if the law of equal-settling particles were the only 
law of jigging, sphalerite and quartz could not be sized closely enough 
to prepare them for jigging. 
The converse seems, therefore, evident ; namely, that under no cir- 
cumstances is the law of equal-settling particles the whole law of 
jigging. 


II. INTERSTITIAL CURRENTS. 


Professor H. S. Munroe tested in 1889 the effect of confined 
space upon falling particles. He timed different sizes of lead shot 
or spheres falling in a narrow glass tube filled with water (Figure 3a). 
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DIAGRAM Io. 


Velocity in inches per second, 
6 ‘ 8 9 10 11 12 18 «14 15 16 17 128 


1 2 8 4 5 


Diameter in inches, 





0 


SPHALERITE SP. GR. 4.046 AM.BANK MOTE CO.N.Y. 
Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


If d equals the diameter of the shot and D that of the tube, he found 


that the larger the fraction © the greater was the retardation or 


loss of velocity by the shot. When this fraction equals unity the 
shot stops. He applies this principle to the question of ,equal- 
settling particles as follows: If particles of quartz, for example 
(Figure 3b), are represented by the larger circles, and those of 
equal-settling galena by the smaller circles, then when these mixed 
particles are settling ex masse, or are held in suspension by a rising 
current of water, each particle may be considered to be falling in 
a tube, the walls of which consist of the surrounding particles. 
Substituting a circle in each case for the imaginary tube, we have 














Close Sizing Before Jigging. 251 


DIAGRAM II. 


Velocity in inches per second. . 
4 5 6 7 8 9 10 ll 12 


1 2 3 


Diameter in inches, 





0 


EPIDOTE SP. GR. 3.380 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 
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FALLING SPHERES. 
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DIAGRAM 12. 


Velocity in inches per second. 
7 8 10 : 


1 2 8 4 5 6 i ie: ee Se a oe a 


Diameter in inches, 





QUARTZ SP. GR. 2.640 i ll 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


Figure 4, representing the conditions for galena and quartz, the outer 
circle representing in each case the imaginary tube. A _ glance 


is sufficient to show us that the fraction - is much smaller for 


Fig. 4. the galena particle than it is for the quartz. 
(0) The galena particle will, therefore, be less im- 
peded in its fall than the quartz, and in con- 

sequence the particles of galena that are found 
adjacent to the particles of quartz will be smaller 
than the ratio which the law of equal-settling 
particles would indicate. Professor Munroe infers that these inter- 
stitial currents account for the fact, made use of in the mills, that 
a jig will save galena which is much finer than would be the case 
if the law of equal-settling particles was the only law of jigging. 


IMAGINARY TUBES OF 
INTERSTITIAL FALL. 
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DIAGRAM 13. 


Velocity in inches per second. 


2 3 4 5 6 7 > f UB Ss 46 8.4 TD 














Diameter in inches. 


AM, DANK NOTE CO.NLYs 


ANTHRACITE SP. GR. 1.473 


Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 


And he finally proves, by equating his formulas, that the ratio of 
diameters for the quartz and galena after the interstitial currents 
have brought the grains to equilibrium will be as 30:1. 

Professor Munroe says further (77vaus. 17, 650): ‘We see, there- 
fore, that if the material to be treated is sized between the limits of 
Imm. and 30 mm., it will be possible to separate the quartz from 
the galena. All the spheres of galena will have a greater falling 
velocity than the 1 mm. grain; all the quartz will rise more readily 
and fall more slowly than the 30 mm. grain.” 

I have recently attempted to ascertain by experiment to what 
extent this law of interstitial currents acts upon irregular particles. 
For this purpose I constructed a pointed tube of the form shown in 
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Fig. 5. 











POINTED TUBE. 





Robert H. Richards. 


Figure 5, which consists of a tin 
cone (a), with an overflow (f/f), 
united to a pointed tube of glass 
(4) by a rubber connector (c), and 
having a water supply (d) regulated 
by the cock (g), and a bulb () 
joined by a rubber connector (f), 
If this apparatus be filled with 
water, and a sample of mixed 
sands, which pass through a Io- 
mesh sieve (an ordinary 8-ounce 
bottleful represents the quantity 
used), be charged gradually at the 
top, and a slight upward current 
of water be admitted through the 
tube (d), the sands will rapidly 
assume a condition of approximate 
equilibrium. Here we have sands, 
say, of two specific gravities and 
of sizes, ranging from 10-mesh to 
dust, which are held in gently 
moving suspension by the slow 
upward current. This device pre- 
sents, therefore, the conditions 
necessary to test the limits of 
interstitial currents. 

By means of this pointed tube 
the behavior of the minerals named 
in Table VIII, taken by pairs, has 
been tested. 

Each of these pairs was treated 
in the pointed tube (Figure 5) by 
allowing from one half hour to 
two hours for the grains to come 
to equilibrium, and since the larger 
part of the sorting is done in the 
first minute we may consider that 
the work is practically completed 
in half an hour. 
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TABLE VIII. 


List OF MINERAL PAIRS TREATED IN THE POINTED TUBE. 





Quartz, specific gravity 2.640 and Copper, specific gravity 8.479 
Quartz, specific gravity 2.640 and Galena, specific gravity 7.586 
Quartz, specific gravity 2.640 and Wolframite, specific gravity 6.937 
Quartz, specific gravity 2640 and Antimony, specific gravity 6.706 
Quartz, specific gravity 2640 and Cassiterite, specific gravity 6.261 
Quartz, specific gravity 2.640 and Arsenopyrite, specific gravity 5.627 
Quartz, specific gravity 2.640 and Chalcocite, specific gravity 5.334 
Quartz, specific gravity 2640 and Magnetite, — specific gravity 4.987 
Quartz, specific gravity 2640 and Pyrrhotite, specific gravity 4.508 
Quartz, specific gravity 2.640 and Sphalerite, specific gravity 4046 
Quartz, specific gravity 2.640 and Epidote, specific gravity 3.380 


Quartz, specific gravity 2.640 and Anthracite, specific gravity 1.473 





While the sands are still kept in gently moving suspension the 
current is slightly slackened by means of the cock (g), and the 
heavier grains are allowed to find their way down into the bulb (e). 
When the bulb is full the rubber connector (Z) is pinched with the 
thumb and finger, and the bulb is replaced with a new one which 
has been completely filled with water, care having been taken to 
remove the bubble of air from the neck. In like manner the second 
bulb is filled and removed, and a third, a fourth, and so on until all the 
sand, to the finest slimes, has been drawn off. The overflow will be 
found to contain very light particles, and also a few particles carried 
over by greasy flotation. This should be caught, and may be called 
the last bulb or drawing. 

Each of these drawings, which were ten in number, was carefully 
dried and then sized in the nest of sieves (Figure '2). The sizes, for 
example, in the galena series (see Plate IIa) in the fifth flask were 
found to be perfectly pure quartz down to the 30-mesh sieve. The 
40-mesh contained a little galena; the 50-mesh was nearly all galena, 
with a little quartz ; and all the sizes below fifty were pure galena. 

The twelve pairs of minerals were all treated in this way, and 
the photographs (Plates I to XII inclusive) show the results obtained 
in the form of a graphical plot of the actual grains. The vertical 
columns Nos. 1, 2, 3, 4, etc., represent the successive bulbs. The hori- 
zontal lines indicate groups of particles resting upon like sieves. 

This series of photographs shows very prettily what can be done 
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with a pointed tube in the way of water sorting preparatory to sizing, 
A series of tables (Tables IX to XXI inclusive) has been prepared 
to accompany the photographs. These tables, giving the estimated 
percentage in every hill of the mineral which was to be concen- 
trated, will be found convenient in interpreting the photographs. 

In the galena-quartz photograph (Plates Ila, I1d) theré are scarcely 
any mixed grains until slimes are reached. The ninth and tenth draw- 
ings are much mixed, and always will be so, coming from the appa- 
ratus here described. Their separation will be the subject of another 
paper. 

The same is true of the copper-quartz photograph (Plate I) except 
that the sample contained none of the very finest slimes, and therefore 
the ninth and tenth drawings are practically pure quartz. 

Following through the various minerals and gravities we see a 
general set of features possessed in common, but changing a little 
with each successive photograph. First, we have in copper a range 
of clean, pure quartz hills from No. 4 on 12 to No.g on 100. We 
also have a clean range of copper hills from No. 1 on 12 to No. 8 
slimes, and between the two a valley almost destitute of grains, which 
is widest from No. 4 on 20 to No. § on 30, and narrows very much at 
No. 8 on 120. 

In arsenopyrite (Plate V1) the valley is gone on the 100-mesh line, 
and we have a plateau instead. In chalcocite (Plate VII) the plateau 
has reached up to the 50-mesh line. In pyrrhotite (Plate IX) it has 
reached the 40-mesh line. In epidote (Plate XI) the plateau has dis- 
appeared below 24-mesh and a single wide range of hills has taken 
its place. 

The above features are due to the convergence towards the hill 
marked No. 10 slimes of the two approximately parabolic curves. 

A single plate (Plate XIII) is given to illustrate a three-mineral 
separation, in which slate (specific gravity, 2.735), barite (specific 
gravity, 4.127), and galena (specific gravity, 7.586) are the three 
minerals. Table XXII accompanies it, giving estimated percentages 
in the hills. 

The weights of the hills for three columns of each of Plates I to 
XII inclusive (except VIII) will be found in the following tables — 
XXV to XXXVI. 

They are absolute weights in every case except where a hill con- 
tained a mixture of two minerals. In such a case the total weight was 
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PLATE I. 














Separation of Quartz and Copper by Pointed Tube and Sieves. 
TABLE IX. 
ESTIMATED PERCENTAGE OF COPPER IN THE HILLS OF PLATE I. 
Sieve-Mesu. I | 2 3 4 5 | 6 7 figs 4 9 10 
| | | 

ek 6 ee ee ee | eT re ey ne ee See Nr 

ees s le Ie ee ‘RR RS eS, Hen Hea Foe 

er a aa 100 | 100 BONE Li owes s hewemies Paseneephaaauea caw es oo-eise en hewmen 
ae | ne ere ane 100 | 100 POP sis varelcawsiealie cuca ne Cae eiaeee cere ween emacs 

re ae ek ARR Mees eek See RE EL He 

\. ar aren 100 | 100 100 100 + aes Re Peers Al een Peer wl eric 

30. . . . . « | 100} 100] 100} 100 of | RRs eres ee 

a ee 100 |} 100; 100; 100. 100 95 i Ol Rar Z 20 

are 100} 100} 100} 100, 100) 99 5 a 2 | 20 

@. . 2. 2 4 | 100) 100] 100} 100) 100} 100) 45 ).220.. 2 | 20 

80. . . . . « | 100] 100} 100| 100} 100 | | 95 if 

100. . . . . . | 100] 100} 100| 100; 100} 100} 99| 5 | 2 | 10 

Ae! 100 100 | 100 100 100 | 100 | 1 | @ | 2 10 

MO... « « « | 100) 100)| 100) Tet Tee) ioe) lop) 9 | 5 10 

Slims... . | 100) 100} 100) 1 wd ~ 100 | 99 | 35 | 5 


For the weights of the hills in columns 5, 6, and 7, see Table XXV. 
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PLATE IIa. 





os Quartz Sp. Gr. 2.640 
* Galena Sp. Gr. 7.586 








Separation (First Time) of Quartz and Galena by Pointed Tube and Sieves. 


TABLE X. 


ESTIMATED PERCENTAGE OF GALENA IN THE HILLS OF PLATE IIa. 











Sieve-Mesu. 
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PLATE IId, 
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Separation (Second Time) of Quartz and Galena by Pointed Tube and Sieves. 


TABLE XI. 
ESTIMATED PERCENTAGE OF GALENA IN THE HILLS OF PLATE IIé. 




















Sreve- Mes. | I | 2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10 
| 
12. 160: | 100 |e cc's hovcicag Use eohcupatenes toemeem tree net Red Corre 
14. 100 | 100 }...... RR ee Sry is Seen eee, Meee 
16. Vg PS ree eee Serer feavcccleadaesleneccsbesewae 
18. 100 | 100 | 100 |......]....-feccee. [idcuembut woes |edveesbeenees 
20. 100 | 100] 100 |......|-....-Je.eee. Pete odhewsadetndwdesteaeant 
24. Beet kee |) FO Be ice aclececcstacwcécleccsus Jeveeesleeeees 
30. 100 | 100; 100 Be Niwdcuclesecackineueclowcend ee ree 
40. 100 | 100}; 100 100 A es ee ee rie pees 
50. 100} 100} 100; 100}; 100 WM cake ccbcecdectesledes 75 
60. 100 | 200 | TOO | FOG) TOR) Tee feck. cfecceccfecsces 75 
80. 100} 100} 100; 100}; 100; 100 il PEP re 75 
100. 100 | 100) 100! 100) HOO) WR SO]. ncccfeesces 50 
120. 100 | 100} 100; 100}; 100; 100; 100 a eee 50 
os 100 | 100} 100; 100}; 100; 100; 100 A eee 60 
Slimes . 100} 100}° 100} 100} 100] 100} 100 95 60 75 





























” For the weights of the hills in columns 5, 6, and 7, see Table XX VI. 
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PLATE III. 














Separation of Quartz and Wolframite by Pointed Tube and Sieves. 


ESTIMATED PERCENTAGE OF 


Sreve-Mesu. 


Slimes. 





E: 














TABLE XII. 


WOLFRAMITE IN THE HILLS OF PLATE III. 





100 | 100| 95 
100 | 100} 100 
100} 100} 100 
100 | 100| 100 
100 | 100| 100 
100 | 100} 100 
100 esl ee 








se eeee 








seeee 


eoeeee 


sew eee 





eeeere 








For the weights of the hills in columns 5, 6, and 7, see Table XXVIII. 
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PLATE IV. 
On 
‘Slimes 
ie 
Separation of Quartz and Antimony by Pointed Tube and Sieves. 
TABLE XIII. 
ESTIMATED PERCENTAGE OF ANTIMONY IN THE HILLS OF PLATE IV. 
Steve-Mesu. yh a | 3 | 4 | a | 7 8 9 10 
| | | 
|| 
| a eee 100 100 SOP liste ee’s | Keutwelecousaleaeans Furi abate waatua tes 
| a er 100 100 ie gh eee fice evelvaeenninwene: RS eer Seema 
Wa oe Ne a te 100 100 BO lesese Vixen naleeeeae tears clan | RRS Pe ee & or es 
Mee sis Sige ee 100 | 1 |. cscas bd cov sleavorsbeuen es scr Core ce) sere ee 
id Bee se eR 100 100 SUE nee teReccata reeset aes | Petes See a Pet Myer 
Mes se es ER BT ee See ae TE See 
We ss ow ce «| TOOL - 100 100 a a eeeere Li chanebvecwes Eee 50 
Ae ss 6 oe Tt GRE Bae 100 100 TO) ORR toa ncebossescBes we cc 50 
sw 3s ss | EO Ee 100 | 100 Beeb , ae? bowemaehns caathes tac | a 
i. 6 ss y | et Te 100 100 100 | 100 Sl] PORES eee ae 
| SP oe 100 | 100; 100 100 100 | 100 yt ey eres Vie 
ee 100 | 100 100 100 100 100 We iveawael 75 
ee 100 100 100 100 100 , 100 100 La Pee 75 
Be es Se 2, Gen 100 | 100} 100; 100) 100} 100! 100 DO Vax vic 75 
DMM. 5 ck ss 100 100 | 100 100 100 100 100} 100; 60 80 
‘ fae Pact ea 
For the weights of the hills in columns 5, 6, and 7, see Table XXIX. 
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PLATE 


V. 








Separation of Quartz and Cassiterite by Pointed Tube and Sieves. 
TABLE XIV. 
EsTrIMATED PERCENTAGE OF CASSITERITE IN THE HILLS OF PLATE V. 








Sirve-MEsu. | I | 2 | 3 | 4 | 5 | 6 | 7 | 8 9 10 
| 
12 100} 100 10 3 a ee pie SAPS SC 
14 100 | 100 75 W lisgesaiswewealesibinoles cose lcipsctavaatiare™ ee 
16 100 | 100 95 OB AES ees Inertia aniccay iareriaed ees in (eee 
18 100 | 100} 100 IU aes ce Fue she. aivs 0 Sie atprais sd «|| Sip ewes ss o.0:0/ 
20 100 | 100} 100 J ELS Pes Reese: (eeneeries, [esas AOS (Cen 
24 109 | 100} 100 90 A AAS, POE Ne Ronee ed Mere btn 
30 100 | 100}; 100! 100 - UR BRR Boras eerscr cere! 50 
40 100} 100| 100} 100 eo Eee PE eee 50 
50 100| 100} 100} 100} 100) 40)...... hein 2; 50 
60 100; 100; 100; 100; 100; 9 Bl coace 2 5) 
80 100 | 100; 100; 100; 100; 100 Be laieinenc 2 DJ 
100 100 | 100; 100; 100; 100); 100 80 30 | 2 +0 
| Se eee 100} 100] 100; 100} 100; 100; 100; 40 2 50 
A i ere te 100; 100/ 100} 100; 100} 100; 100; 50 2 50 
Semies. 5. 8 100 | 100; 100; 100 | 100 | 100 | 100 | 75 | 40 iS 
| 








For the weights of the hills in columns 5, 6, and 7, see Table XXX. 





vere 
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PLATE VI. 
. a 
: ’ 
Fs 
i Separation of Quartz and Arsenopyrite by Pointed Tube and Sieves. 
TABLE XV. 
ESTIMATED PERCENTAGE OF ARSENOPYRITE IN THE HILLS OF PLATE VI. 
=f Sieve-Mesu. | I | 2 | 3 | 4 | 5 | 6 | 7 8 | 9 19 
Rien) oso eps 100 | 100 | ll FRCS CE el CU TE! ELEY ee ee oda 
re Ee, RRS COM tm im eee ene Stet 
Ms + «kh « + oe an ee, 7 5 REE OEE RE IEROR SRN 
ir seer. 100 | 100 | 99 | 15 4 Do tvavansbrosd a (stwessbrese oe 
1 Beer a Se ee 100 | 100| 100; 9% 6 Dec giaatuabvaceald speed wadtacewes 
: a. soo hae ok 100 100 | 100; 99 15 2 | er) Soe Saas 
k ar ee 100 | 100|; 100} 100 80 10 "iy ay 0s See AE 
{ Sergey 100 | 100; 100); 100 98 70 10 1 +25 Zaks 
Oe ee ee a MG 100 | 100; 100} 100} 100 95 25 2 50 50 
era 100; 100} 100} 100] 100} 100] 45 5; 50 
Mess, dh eR 100 | 100) 100| 100 100 100 80 10 15 75 
ee a 100; 100; 100} 100} 100] 100] 100 ib 15 75 
' Eo 0 ee ag 100} 100; 100} 100} 100} 100} 100 30 15 60 
: BRN a> oh, ce 100; 100; 100; 100} 100] 100]; 100 50 20 50 
Slimes. . . . . 100 | 100 | 100 | 100} 100{; 100] 100 90 50 50 


























For the weights of the hills in columns 5, 6, and 7, see Table XX XI. 


RS ANTAL UNCE REN 
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PLATE VII. 
Separation of Quartz and Chalcocite by Pointed Tube and Sieves. 
TABLE XVI. 
ESTIMATED PERCENTAGE OF CHALCOCITE IN THE HILLS oF PLATE VII. «[- 
Sieve-Mesu I 2 3 | 4 | | 6 7 8 ) 10 
ace 

es 100 dS ge. | OR ees Ppserars Perera Si iaaee sewn inm pease’. / 
14. J00 | 100} 90 ).riie Caneel nes _ Rasen nares sae 

16. 100 | 100 | 100 | Dewercves 1 Pulse atuslea a onde cca. ole 
18. 100 100 100 <a eo 1 “aa RT ec ae ee 

20. 100} 100} 100} 100 1 1 Sh ss ee ee 

24. 100 | 100} 100] 100 35 | 1 ial) av ts fee 

30. 100} 100) 100} 100| 95 20 15 2} 90] 100 ' 
40. 190} 100; 100}; 100; 100; 60 50 | 2) 30 99 

50. 100} 100}; 100} 100 | 100} 99 75 2 | Sh ee 

60. 100} 100} 100} 100} 100} 100) 95 2 5| 9 
80. 100} 100} 100} 100} 100| 100] 100| 30 5| 90 
100. 100 100 100 100 | 100} 100 100 50 a), So 

120. 100 | 100 100 100 | 130 100 100 95 IO) ae 

M0. . | 100}; 100 100 | 100; 100 100 100} 100; 15} 30 
Slimes . | 100} 100} 100} 100} 100} 100) 100} 100; 40| 75 





| | 
| 


For the weights of the hills in columns 5, 6, and 7, see Table XXXII, 
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PLaTE VIII. 
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Se Ue 

Ons i a Mam Quartz Sp.Gr. 2.640 

. ins Se Pa Magnctite Sp.Gr. 4.987 
, ~ & 
Separation of Quartz and Magnetite by Pointed Tube and Sieves. 
TABLE XVII. 
ESTIMATED PERCENTAGE OF MAGNETITE IN THE HILLS OF PLATE VIII. 
ie ~ i ca me ee: a pe 1 iris 

Sreve-MeEsu. I | 2 3 ae | 4 & I~ ¢ | 8 9 | 10 
12. es Ohl OO) 1 chasse ae ee 
14. 100 | 100} 100} 980 2 ira epee eebeim Betas Canine: 
16. 100} 100| 100} 100 | 40 ]......|......|eeeeee eee 
18. 100 100! 100 100 75 < ere ee Eee re eee er ee 
20. 100} 100] 100} 100| 100, 40]......|...... PRS eee 
24. 100 100 100 100 100 70 / St Bree Jecece-[ovesee 
a 100 100 100 100 100 100 | Rene Pivaccherassa 
40. 100} 100} 100} 100| 100} 100; -< ~ eee 60 
50. 100; 100} 100] 100} 100| 100] 100] 35 |...... 50 
60. 100} 100} 100} 100] 100; 100] 100 | ee 15 
80. 100 100 100 100 100 | 100 100 | 100 PP teaeces 
100. 100 100 100 100 100 100 100 | 100; 50|...... 
120. 100} 100} 100} 100| 100! 100] 100| 100| 9)|...... 
140. 100 100 100 100 100 | 100 100 100 | 100 5 
Slimes. 100 100 100 100 100 | 100 100 100 | 100 35 

| 


























266 








Robert H. Richards. 


PLATE IX. 





7 
ky 


mae Ovartz Sp Gr, <a 
: see 2,640 
Pyriholite Sp. Gr, 
ae 4.508 





Separation of Quartz and Pyrrhotite by Pointed Tube and Sieves. 


TABLE XVIII. 
ESTIMATED PERCENTAGE OF PYRRHOTITE IN ‘THE HILLS OF PLATE IX. 


Sreve-Mesu. 


Slimes. 


| | 

100 50 | Ro lgiteses l sbestenare | sae | pares | ee Lore 
100 | 100 10 Be cigs eslcirnate 3 
100 | 100 50 2 1 


100 | 100 95 | 2 1 








100; 100} 100| 50 1 Piiscvess 
de. da. oe ce Se Sheer errs 
100; 100} 100| 98| 50; 10 2 2| 40 
100; 100) 100) 100) 98; 50 5| 4] 40 
1007 100; 100} 100} 100; 90; 10| 4, 35 
100} 100} 100} 100, 100} 98) 50| 5) 25 
100| 100) 100} 100) 100; 10, %| 10 2 
100} 100/ 100) 100 100/ 100) 100! 50) 25 
/ 100, 100; 100| 100, 100} 100) 100| 98 25 
| 100} 100} 100/ 100, 100| 100; 100] 100. 25 
100 | 100} 100 100| 100, 65 


100 100) 100. 


ee ted 


For the weights of the hills in columns 5, 6, and 7, see Table XXXII, 
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oo 


PLATE X, 


Separation of Quartz and Sphalerite by Pointed Tube and Sieves. 


TABLE EX. 
ESTIMATED PERCENTAGE OF SPHALERITE IN THE HILLS OF PLATE X. 


Steve-MesuH. | I 
12 1 99.5 
14 100 
16 100 
1S 100 
20 100 
24 | 100 
be | 100 
10. | 100 
50. 100 
aa ee 100 
ae or 100 
. a ae 100 
er re 100 
|, Ja 100 
Slimes. . . .. 100 


| 


For the weights of the hills in columns 5, 6, and 7, see Table XXXIV. 


2 


99 


80 | 


100 | 


100 
100 
100 
100 
100 


100 | 


100 
100 
100 


100 | 


100 


100 


1h... Te a |e ee 
50 2 SR CRS 
85 10 Phvescns 1 Oe ee 
99 50 10 2 7 
100 | 98 50 5 Ri ae 
100 | 100 90 20 2 60 
| 100 | 100 99 50 5 70 
| 100} 100} 100 75 15 50 9) 
100 | 100; 100 95 40 40 90 
100 | 100} 100}; 100 50 40 9) 
100 | 100} 100; 100 60 40 90 
100 | 100, 100) 100| 85 60 85 


| 
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PLATE XI. 


Separation of Quartz and Epidote by Pointed Tube and Sicves. 


TABLE XX. 
ESTIMATED PERCENTAGE OF EPIDOTE IN THE HILLS or PLATE XI. 











S1eve-MEsu. | I | 2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10 
12. 95 50 | 3 a Oe soe bees saree | RC Cre 
4. 100 90 20 Ut pee peaewe ced cise Soeun lees 
16. 100 95 50 JU OBS Moonae Ronen os ernie Cr reas eae 
18. 100 | 100 80 40 aa ceive sual aciovess eens «| ose ee 
20. 100 | 100} 100 70 Ta POR 2s peo Nec 
24. 100 | 100; 100 97 50 MO icicass|sceee-|oaisiass 
30. 100} 100}; 100); 100 75 50 3 3 50 
40. 100 | 100; 100; 100 95 70 25 5 50 
0). 100; 100; 100} 100] 100 95 50 10 50 
60. 100 | 100; 100; 100} 100] 100 60 25 25 
80. 100; 100; 100; 100/ 100; 100 75 50 25 
100. 100} 100; 100} 100}| 100] 100 100 75 25 
120. 100 | 100; 100} 100} 100] 100] 100 90 50 
Rees: 100} 100} 100; 100] 100] 100] 100 97 50 
Slimes . 100; 100; 100; 100/ 100; 100] 100! 100 50 






































For the weights of the hills in columns 5, 6, and 7, see Table XX XV. 
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PLATE XII. 





Sreve-Mgsu. 


30. 
40. 
50. 
60. 
80. 
100. 
120. 
140. 











Separation of Quartz and Anthracite by Pointed Tube and Sicves. 


TABLE, 3X4. 
ESTIMATED PERCENTAGE OF ANTHRACITE IN THE HILits oF PLATE XII, 





Slimes . 





PLETE 





| 6 7 8 

Pena Cee ee 80 | 99 vin! 100 | 100]! 100 
Ee New ay 5} 98] 100} 100} 100} 100 
hee hone 1 90} 100} 100} 100| 100 
OOS Pen eee 65 | 100} 100} 100} 100 
ne Ba HDS se 45 | 100/ 100! 100] 100 
| 5 | 100} 100/ 100}! 100 
eee eens eee 2 50} 100} 100! 100 
| 4! 50] 100} 100 
EE, Rs AR) ira, , aim 95 | 100 
Warmer ks Smads Beas eee eee Coen 40 | 100 
Oe? Saeed eos cae celeckens Cee ee ee re hs 95 

|: 4 
Re San Ire | te (rel Jeeteee|eeeeee le ceees l 


269 


Coceselosoeese 
























































270 Robert H. Richards. 
PLATE XIII. 
28 NO AAD AG SIFT AS EBT 
Separation of Slate, Barite, and Galena by Pointed Tube and Sieves. 
TABLE XXII. 

ESTIMATED PERCENTAGE OF BARITE IN THE HILLS OF PLATE XIII. 
—— J —— -— - 
se [te fala ls felt s]o feu alas |u|] x 
amet | < | | | ar | it 
12. .|....| 80 |100]100|100| 50/....1..../.... a a) ee (Oh ee ie Oe 
14. .|..../ 10 | 99/100}100] 98} 5] 1] 1|....}....).... FEM! RO Bie Sey } 
Seek eee ee 95 |100}100}100) 50} 2] 1)....]....].... eee ees ae ceeelees 
TER Pe Peo 50} 95]100]} 100} 95] 20 UL IGSN 1 ae (eae eae 1 oefeeseeces 
es. 5 V-eectenwe | 10 791 991 1001 200) SO} 10) Liv cscluccslescclesss io tone eee 
ERIN (ae (eta | eer 50] 90}100/100} 95} 45) 5 1 Sts senbnoes a ae 
SE Se Te Ee 2) 25) 80/100|100| 90) 90] 5! 1] 1/....}....]....h..- 
MPS -cAsscslstuel cach san be 10} 75}100}100;100| 95 5 1 ee pie fogs 
50. SEE Peres, Papen (ees eoofeees] 15} 60) 99/100/100| 75 5 a” 24 Bsc 
60. * 4 wees] 21 40} 90/100} 98! 20] 2] 2|....|.... 
80. seeeleeeelooee 2| 25) 90 100| 90 5 3) BON. 3. 
SUE eK Mew le esa hekacihs Deny oie BP ery Sarees Pres eee | 5] 60} 98] 55 5! 10} 40 
120. fa Fs ary (eee Fats calwrshes sulloce > eee 5 | 80} 98; 10} 10} 20 
REE BEBE SR ESSE SE RSE ee EE Ne Se Ae Re ee | 50} 98) 20} 5] 20 
eer Pe ery Re Pay (ete < pega atars. (Parse ae. | hearer lisa Rite tts | 30 ‘i 75| 20| 10 

| | 
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PLATE XIV. 
+ 
Separation of Quartz (Sp. Gr. 264) and Galena (Sp. Gr. 7.586) by Pulsion-Jig and 
Sieves. 
TABLE XXIII. 
ESTIMATED PERCENTAGE OF GALENA IN THE HILLS OF PLATE XIV. 
7 Sieve-Mesn. | I | 2 | 3 | Ss 4% | 6 | 7 8 a a 
12 100 | 100 | | ER OE ee NON Se et eee 
14. | Ft FEE Be hones chaswansicsagtn ppaecceeeesd aiaasetfexeuns 
16. ee ae eee ere |. 
18. |} 100} 100} 100 Bel vacueageeseen BOC OnE COr Ci Perel oper 
7 20 £.i8 le Oe ee ee ORE BORE HD 10 
24 ; 100) 100}; 100 OO ccc basccers FERED SACHA Creer ie 
30. ' 100! 100! 100! 100 Ss Sea) maleliere seca chaectes r. 
40 100 | 100| 100| 100) 95 SD iginstisenc ds beanie |S 
50. 100} 100| 100} 100, 100} 50 3 |. 10 
60. 100 | 100} 100} 100; 100} 100 si 3 10 
80. | 100} 100] 100| 100) 100| 100 a ae 5 
100 . | 100} 100} 100} 100| 100] 100; 100} 40 5} 50 
120. 100} 100} 100| 100} 100] 100; 100| 60; 10] 40 
10. . . . . . | 100] 100] 100] 100} 100 100| 100/ 80} 10] 40 
Slimes. . . . « | 100] 100] 100; 100} 100} 100] 100] 100 60 50 
| | 
a For the weights of the hills in columns 5, 6, and 7, see Table XL. 











t 
Hl 
i 
' 
i 
: 


oer 





PS Ne a I I I Ee I I TS EI TI 


12. | | 
14. | 100! 100] 5SO|.....|...... eee lorena 
16. / 100} 100} 90 3 
18. 100| 100} 100} 50 5 9 Oe 
20 . | 100} 100! 100} 95| 40] 1 
24. 100! 100! 100} 100} 75| 20 1 | 
30. 100 | 100! 100! 100! 98! 50! 5 
40. | 100} 100} 100} 100} 100| 95) 50 
50. | 100} 100} 100| 100} 100| 100| 9 
60. | 100} 100} 100! 100) 100] 100} 100 
80. | 100} 100| 100} 100} 100| 100} 100 | 
100. | 100} 100! 100} 100} 100] 100] 100) 
120. 100 | 100! 100} 100} 100! 100] 100| 
140. | 100} 100| 100} 100 100 | 100 | 100 | 
Slimes . 100 | 100 | 100 | 100 ad 100 | 100 | 

| | | | | 


Separation of Quartz (Sp. Gr. 2.64) and Sphalerite (Sp. Gr. 4.046) by Pulsion-Jig 
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PLATE XV. 








and Sieves. 
TABLE XXIV. 








ESTIMATED PERCENTAGE OF SPHALERITE IN THE HILLS OF PLATE XV. 





Sreve-MeEsu. | I | 2 | 3 | 4 | 5 | 6 | 7 | 





100 | 
100 | 
100 | 

| 


40 

aces 15 
50 

10 

aero 40 
1| 40 

2 40 

5] SO 
30| 75 
40 | 70 
50 60 
50 50 
60 | 50 





For wt weights of the hills in columns 5, 6, and 7, see Table XLI. 
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TABLE XXV. 
QUARTZ AND CopPeER (Plate I). 
3uLB No. 5. | But No. 6. Bus No. 7. 
Sreve-Mesu. ae Sea) 
ys | Soe | = | aS yn sy con 

a... ce AME Neitscnsies WEE « hicssnccicy | eee ene 
Ms sk Betas 6.3910 | 0452 Ce od re re | 1486 
S: .-. eee 3.1724 | 0270 a ee .2097 
es corer ree 2.5210 | 1236 TRI histsdcisncc: 2.3365 
«we Beasdecreee 1277 | .0277 a ee rae 1.7427 
24. .0010 .0476 .0348 SO by vsncxcassie 6.3275 
30 . .0305 .0009 1278 So a eee 11.2542 
40 . ea vccsaiios .2048 .0108 .0207 2.0472 
50. ye rere eee 2115 .0002 0147 .1947 
60. 1.8367 cl ceo SR tsivedeios .0179 .0219 
80 ‘ERGMB: Liccsiaceace. po ae 1117 .0062 
100. GMT leesisccscccs TOE foncccvinvied 2.2148 .0224 
120 . ce eer Ce eee te BR cieuxias 
140. 1.6049 | aueunad Nees ye errr TOE bistecsccas 
Slimes . GO Fc ssiicss: | BAIR bicesccaswues 39.3308 | kecekan 
Total 48.8511 | 22.9799 44.1600 | 28.7401 48.2285 | 24.3116 





obtained, the relative proportions of the two minerals were estimated 
by the eye, and the total weight was divided between them in accord- 
ance with this estimate. 

In order to throw light upon the question of interstitial currents, 
it was necessary to obtain the ratio of diameters for the particles of 
quartz and galena, for example, when the two minerals had arrived 
at equilibrium through the action of the upward current. The val- 
ues given in Tables XXV to XXXVI for the whole series of minerals 
were used for this purpose. 

The particles in any given column may be assumed to be in 
equilibrium because the light and heavy materials there drawn out 
together have had ample time to choose their partners. 

The mode of computation for any given column or bulb may 
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TABLE XXVI. 
QUARTZ AND GALENA (Plate IIé). 
































Bute No. 5. Bute No. 6. | Bute No. 7. 

Srave-Masu. | 

Galena, Grams. | Quartz, Grams. | Galena, Grams. | Quartz, Riki ini tania. —- 
DR CES che Breed. “Nes eseceeeus ED Pkeueudledesylecdscuiones 
Ric a). « Lew asehee oe Libya leedbcte evens ETL) Ncaciecewanecobedsess anes 
SOs a > deaneenens ees SED: lewawdes ees DONG. > betwasocea sus 0.0943 
Biisice & Iveccseneeucs GAs” leseaaseocees NOSGe  Vidiwesedoces 0.3535 
Bis) wis Nseabaneeanen DMCS. Mees esessens MENG © Ti cad sdecaes 0.5507 
Des. "is 3 Neaeeneaubwae O:TFO0: lisesesessasc IRI Nicci vieecesa 3.465 
BDisi Ss Aoseckaevasan AED. Nie Ssiccweades BEG.) Winedicdeetedcrs 12.982 
40. AIRS iicienk boeiaewkciwwers eadseur OGIO: even sssacass 5.897 
50. BIS. less esuuscews bees Meso ces cc 6% i Aelraprearsicer 1.633 
60. 1.696 [teeseeeeeees RAMI) aaileeis,ccweca| san were setlon | 0.1737 
80. 16.335 | a Wieisass a ele MORO: Asa unieeasaexe 0.1950 | Sisley erecine 
100 . Se ee: MR ei SE dicscictes: 
120. 0.2278 | ananeeenee PMS | Peace cacwcces 3.738 | pe ots ae 
140 . WINE), ircaxiarss ee nen a eee 
Slimes . oe a eee WO: | Lisenidie seed Se RPP er ee 
Total 26.4270 | 32.5018 35.0275 28.6140 | 35.3100 25.1492 








be shown by taking as an example Plate IId and bulb No. § of 
Table XXVI. Here the average diameter of the quartz particles 
was obtained by multiplying all the quartz weights in columns 5 by 
their diameters, and dividing the sum of the products by the sum of 
the weights. The galena figures in column 5, treated similarly, give 
an average diameter for the galena particle. This diameter of quartz 
is then divided by the diameter of the galena. In like manner com- 
putations were made upon all of the eleven minerals, and these inter- 
stitial factors are given for all the minerals except magnetite in 
Table XX XVII. 

Lest the proportions of the two minerals (equal volumes) used in 
the pointed tube tests (Plates I to XII) might have influenced the 
results, a trial test for comparison with Plate II1d was made, using 
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TABLE XXVII. 


QUARTZ AND GALENA (Ratio 16:1 by Volume). 




















Buts No. 4. 
Sieve-Megsu. = - 

Quartz, Grams. | Galena, Grams. 
Ree ey Re ae nah oy ee $b - \ntcansae 
Bes a Seo, ve eer a a ee eee 
ee Fee ere ee OM ~ leone 
18 Ch Seen eR er 
20 $M Aiwlecixicicdcoadal 
24 Rome  ‘Wesdesaesconwueenne 
30 0.880 0.098 
40 0.0336 0.0112 
50 0.0017 0.0323 
GO na. ew? He ws mre ee oe Ea we ebeeeetaeeeer yess 0.1152 
BO. hc howe RS RA lee oe hy = oO Peewee deeeanevecwas 0.723 
0 ss Sa Oe me Re el we SS 6 en eweeeaeneeueenes 1.409 
en are eae ree ee 0.233 
PAO a a ee aE Oe Wee me ee deeceeeerewaaee. 0.0576 
Sines sk 6 oS ew ee SS OH oe ee Ge Ree a 0.0737 
a ae ae a 19.5793 2.7530 





a quantity of galena equal to about one sixteenth of the volume of 
quartz, instead of equal volumes of the two minerals. The 4th, 5th, 
and 6th bulbs were sized, and gave hills apparently at the same 
points as shown in Plates IIa and IIé. To demonstrate the point 
still further, weights and computations were made upon the 4th bulb 
(Table XXVII) and yielded the ratio of the diameter of the galena 
particle to that of the quartz. 


I : 5.966. 


This ratio is practically the same as those given in Table 
XXXVII for galena and quartz, and therefore demonstrates that 
the relative quantities of the two minerals have nothing to do 
with the law of interstitial currents. The ratio of diameter is fixed. 
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The foregoing experiments show that, under the conditions ex- 
isting in the pointed tube, the diameter ratio of galena and quartz 
in equilibrium together, when interstitial currents have done their 
whole work, is about 1:6 for particles ranging between 10-mesh 

and 100-mesh. They further show that interstitial 

Fig. 6. currents have a real existence, and have decidedly 
VY advanced the ratio from the equal-settling particles 
| of the free falling test which is given by Rittinger 

as 1:4, and which has been found in this investi- 
gation for 10 to 12 mesh quartz as 1:3.75. My 
tests do not, however, substantiate the claim made 
by Professor Munroe that galena and quartz will not 
come to equilibrium in interstitial currents until a 
ratio of 1:30 for their diameters has been reached. 

One or two interesting facts may be noted here, 
although they are on one side from the main thread 
of this paper. 

In the first galena trial (Plate IIa) it was found 
that fine galena appeared in the first drawing below 
30-mesh. This may be attributed wholly to particles 
abraded during the subsequent sifting operation. To 
test the question, the galena quartz lot was mixed 
up thoroughly and run over again (Plate II); and 
ine this time the fine galena below the main range of 

;  galena hills is much reduced, proving the conjectur 
to be substantially correct. y 
Again, the fall velocities of these different heaps 
| were taken in a tube (Figure 6), designed by C. Le 

Neve Foster, in which by inverting the tube the 

measure. may be taken over and over. The results 


are here given. They show that, for example, on 
Li the 18-mesh line grains of galena in No. 1 are 


faster than No. 2, and No. 2 than No, 3, also for 


£4. 
tv 

















REVERSIBLE FREE- 


FALL Tune. the quartz Nos. 4, 5, 6, and 7 fall in that order, 4 

being the fastest and 7 the slowest; 4 contains the 

18-mesh grains that are nearest to a cube; 7 are the flat oyster 

shells that fall much slower. Results of these trials are given in 
Table XXXVIII. 


In this test a group of 20 or 30 grains was timed. When the 
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TABLE XXVIII. 
QUARTZ AND WOLFRAMITE (Plate III). 

| Bus No. s. | 3uLB No. 6. Buts No. 7. 
Sr1eve-MEsu. | | 

| cos | ee a | ee ae 
H. .ocheeme 5.0224 | vipuveheues WIE Svc ricictacsbiticiases 
14 . Beet rs WO Lisscsssciccs rf aR eee 
16 . Ses ae eee 1.0360 lesoitoidals) 0.0342 
6. Sears | RIGBF | ecccvsnerses TIT pitanaworicin 0.2932 
:..<-.s Sabena | A Sisicedens SI Eistaseencaks 0.3887 
6 i i a eanecies | SOF hwo GID Mikiicsenacine 2.4168 
30 . 0.0418 | CI hidsikcseiss COR Voweticcines 10.4951 
40... | 0.2220 | 0.0302 0.0453 CT fp ene 10.0156 
50 0.8650 | 0.0455 0.0499 OE Eivciscaeses, 4.7618 
' oer 3.7694 | ihcadseatca 0.3763 0.0418 0.0173 1.5664 
80 . 12.1549 | anacmalibiiaed 3.9501 0.2079 0.0690 0.5311 
100 . 6.8694 | Calieiiaciah SEO bisccsactiss 1.5409 0.1865 
120 . OC Lssicses DA Sia sucavcneas I. Tintacraide 
140 . GI Niscansbeeees ; | besa cel eee 
Slimes . 0.0886 SRE GUGIS . [odkswisvevdes SAI. becscccieaes 
Total | 24.4707 30.7952 | 30.9962 29.4030 22.3654 | 30.6894 

% 





average grain passed the 
taken. 


upper and lower marks the time was 
The results are therefore averages. In the light of these 
facts the remarkable resemblance between these two tests of galena 
and quartz (Plates Ila and IId) becomes more interesting; for it is 
probable that, with certain latitude, the particles of the first test 
found their way back to the same identical heap in the second 
test. This principle of almost absolute predestination of particles 
for their own appointed places in ore dressing is very important. 
It was mentioned by me in Chicago last summer, in discussing the 
paper of Oberbergrath Bilhartz, under the heading “Once Middlings, 
Always Middlings”’ (7vaus. 700). 

It will be noticed that the light color of the slimes of No. 9 
in Plates I to XII is almost always marked when compared with 


bY 


7) 
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TABLE XXIX. 


QUARTZ AND ANTIMONY (Plate IV). 









































Bus No. 5. | Bute No. 6. | Burs No. 7. 

S1eve-MeEshH, | 

“Same” | tome —" vein | | 
 Saeeens heme terete a eee nt ORS) ame 
~ Seapets “Peer ee ae SIE beocisccceces 0 0973 
"Paras emer  * 3.8306 | Dee eareerrs 2.7134 ena 0.2042 
“RE e) PRR tern S 4.5723 | emer rey a 9.6878 |-seeeeeeeees | 2 1545 
6. 6 Mdiden 04613 eee. eeseeees 2.9766 | davasesicdonk | 1.7760 
Sa FESR RIO Licccsscccdss Et re eee | 5.8914 
30. | 0.0377 WS Tekiciscigacs 1.5920 | Leaeaca eas | 12.5619 
40 . ES: MIT eacesceticadees 0.0390 | 0.0390 J......0.000. | 4.3622 
50 . 6.8722 | eninge 0.0316 | 0.5894 |........08. | am 
60 . 10.1563 | epeeacuvode PUM Nsasiisaisesee, 0.0992 | 0.1488 
80 . GME bes ciisscaiicts MEE A isccstc 1.0615 | 0.1180 
100 . CE Seti vc a eae ROME Loci sesens 
ae arr eree ys iene ee Babee iG Serre CHM i siinsscixs 
Dn Seen Seen eae: WE Aiccicencceesn | 15357 De aBienid 
EE SES ee ey ot | 14.3481 | PaO Ree 
Total 27.6629 | 30.4431 33.9339 24.4186 31.3524 | 28 4854 

g 





its neighbors on the right and left of it. This being a truly sorted 
product, the finer dark mineral hides itself beneath the coarser light 
mineral. This shows in all the sets except copper, which had no 
slimes ; magnetite, which had almost none; and epidote, the fine 
powder of which is extremely light colored, and of which the roth 
slimes are therefore as light as the goth. 

The ultimate effect of an upward current of water upon sands 
of two specific gravities is shown in Plates I to XIII inclusive. 
This, then, is the ultimate equilibrium, which is approached but 
never quite reached by the pulsion movement of a jig. The ideas 


conveyed by these photographs may be represented geometrically 
by Figure 7, in which each cone stands for a column of particles 
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TABLE XXX. 
QUARTZ AND CASSITERITE (Plate V). 
3uLB No. 5. | Bute No. 6. | Buts No. 7. 
Sreve-Mesu. | l | | = = 
— | Pes | — on | a | oe 
12x & We iweeceseces HOO? \. csseeaewege CORES ‘lacddencodusaleowenncens 
DES: 4. sy pneeeeceewea Pade. Ladawedamouae ONG leesccedccceiiideeseice 
1s ee: ee een ees SOGNO |edvrseaceen CGR paecddececcess 0.0094 
Ds wk an DIE ae 6.1156 | Rs Disaiokand 0.2319 
Wi «6 LeeGaeen ES niivtaabe SME | citsnnsnessc 0.3015 
ae 0.0241 SRD Nedaetbdewues 7.7527 | waeddedeains 1.6953 
Ds 0.2061 OSOFE | iéccaceccces 7 8932 | SGaaewewheda 10.8524 
40. 0.3305 0.0102 0.0551 1.0469 | gtnnsenueewe 8.7152 
$0 . Weare Wikwiccecebues 0.0864 722 ee eee 4.8594 
60 . GOOG besescccasecs 0.9265 0.1030 0.0768 1.8441 
80 EROTUO lodecdcessnes eo) a eee ree 0.3125 0.7292 
100 . MONEE lasescctscves WOBeee leacsscencces 3.5888 0.8972 
120 . OQSETE . lascicwseccens Se bsiewdavceaces yi ee 
140 . WAGE Lsastasicads GH hie cctinainces CU Dies tes 
Slimes . COEOO Vee siencciesiacas GIGS |seescncacees TiGded besvekenkes 
Total 25.5232 29.7954 34.2759 27.7043 22.7823 30 1356 
Fig. 7. 
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TABLE XXXI. 
QUARTZ AND ARSENOPYRITE (Plate VI). 





Bus No. 5. Bus No. 6. Bus No. 7. 




















Sreve-Mzsu. | —.- 

SS aS | > SS “S| ee 
eae omen NE i cases Tae Beaeawacs wererer 
eae ence 9.0563 eee | hs nee | 0.1371 
Tee ee a | ie eee | 0.2182 
is... | 0.3430 | 8.2314 | 0.0945 | NE ci oaies | 1.4163 
2... | 0.0805 | 1.2618 ae | RN letcsce 0.9750 
a | 0.2363 | 1.3387. |, 0.1278 | 6.2628 | 0.0362 | 3.5838 
30... | 0.7460 | 0.1867 0.5144 | 4.6292 | 0.2451 | 12.0106 
40... | 0.9764 | 0.0199 o.sio0 | 0.3600 | o7444 | 6.6991 
Mies a.) . SE ie 0.9052 | 0.0476 | 0.9213 | 2.7638 
ives: 5 GME iisixncieis SIME Ftscsis rns | 0.8064 | 0.9856 
ie PR cccnecinns | COE esenicccenks | 2.1537 | 0.5384 
Se ee a eres 6.9215 | aa i eee 
= os Eiieesv ak aieasan 0.7400 | seesdaectpiue ee 
ESE renter Cone rns WE be caniciuds 0.9098 |.......00. 
TEE LEESON OE 0.4976 | Tshatakion 8.7290 |....-.000 
Total . . | 17.6846 | 31.3606 | 20.9592 | 30.2145 | 24.8530 | 29.3279 











of a single mineral species, as they would be arranged in an upward 
current of water. The heaviest grain with the largest diameter is 
represented by the diameter of the base of the cone (m); the light- 
est and smallest is represented by the apex of the cone (xz). Two 
cones placed together, as a and 4, represent two minerals of dif- 
ferent specific gravity treated together in a pointed tube. Their 
vertices will be together, because the finest dust of the two will 
settle at almost the same rate, that is, with almost no velocity. 

The largest particles, represented by the bases of the two cones, 
will settle at very different rates, and the relative lengths of the cones 
may be chosen to represent the relative positions in the pointed tube 
of the coarsest particles of each of the two minerals. For example, 
the cone 6 may represent galena, and a@ quartz, as they would ap- 
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TABLE XXXII. 
QUARTZ AND CHALCOCITE (Plate VII). 









































3uLB No. 5. Bu. No. 6. BuLs No. 7. 

—— | om | SS |: Sar ee 
eee ree | GAME Nekswvecenais 0.3836 | o.o103 | o.02i2 
eee | GAGBD [ocssccccsces 2.2082 | 0.0235 | 0.0938 
B. 4 bee | 3.8929 0.0217 2.1473 0.0049 | 0.0925 
Bs +: een | 5.6878 0.0992 98193 | 0.0532 | 1.0115 
20 0.0069 | 0.6846 0.0341 33762 | 0.0413 | 0.7848 
Wa a's 0.1514 | 0.2812 0.0692 | 6 8519 01946 | 36983 
30 1.1977 | 0.0630 os2s0 | 3.2998 | 1.6990 | 106278 
Wai CIE bockcnstans 0.7190 0.4794 | 3.0624 3.0624 
ee SOME Liviicsccscces 3.2620 0.0329 | 1.8900 | 0.6300 
ae dh ee UM Nisccsinzsars 1.7927 | 0.0944 
ee MID biccscssvcccs CN Tassexican .| 7.2729 | snesimends 
10... COE se canteones 23114 |ereeeeeeeees 11.3342 | dakeiseaen 
a Cor creer QUE hisae sacensai DUM vegecziz 
WD 6. 56, Jeter esepanscsaen OME lh iidiseseaues 0.7359 | ssninncapen 
ei. «  Rcndacskncihitetigecanes GOO |e casiensans 2.7702 |.ece.cceee 
Total . . 22.8675 | 26.5083 | 21.5677 | 28.5986 | 326438 | 20.1167 





pear when in equilibrium in a pointed tube. The cones d and e 
may represent quartz and arsenopyrite, and g and # may repre- 
sent quartz and epidote. From these main facts the conclusion is 
natural. The particle ¢ of galena, which is adjacent to a of 
quartz, is very small. It is much smaller than the interstices be- 
tween the quartz particles (2). The same relation holds between 
all the adjacent particles of cones aj and cj. The particle f of 
arsenopyrite is larger than c; it is: about equal to the interstices 
between the particles of quartz (@7); and consequently all the par- 
ticles qf arsenopyrite in the little cone f& will bear the same 
relation to the adjacent quartz particles, they all being equal to the 
interstices in the cone (d&). The particles (¢) of epidote will be 
larger than the interstices between the quartz particles (g), and this 
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TABLE XXXIII. 
QUARTZ AND PYRRHOTITE (Plate IX). 





























Bus No. 4. | BuLB No. s. Bucs No. 6. 
Sreve-Mgsu. | | l | - 
Pyrrhotite, Quartz, | Pyrrhotite, Quartz, Pyrrhotite, Quartz, 
Grams. Grams. Grams. | Grams. | Grams. Grams. 
ERG: rere ris cs: TZIOO: | seduce ssicces WOKGO! se she euse ws | 0.1936 
| ee 0.0854 IG I awisiomesin ss DiGOTL. |scsewsssenss | 0.6740 
ree 0.0489 2 3944 0.0362 DIOLS. | Wises wv iea:sieinls | 0.6461 
Bs 6 0.7106 2.1317 0.0836 Bee ase tiene daces 4.2311 
°. | ar 0.3483 0.3483 0.0111 1.0969 0.0233 2.3982 
24. 6 « 1.3307 0.1478 0.2689 2.4115 0.0558 | 5.5242 
Bes) a ox 9.5668 0.1950 1.8550 1.8550 0.8274 | 7.4467 
eee ee GOIGS lis cnes shoes 4.4928 0.0917 1.6844 1.6844 
ee Swed > ss dciacus siwiee PON frccvlescueas 2.6784 | 0.2976 
Ms ss OSOLY Levccicisincses | SHOE losswie Saicnies 5.0036 | 01021 
MO. & “Ss Ieedesbunccastucwene stacey E2e0e [eevses jena DOV lecewe cae oe 
MOO 2 4% fasdans cesceslsccsccccccce begins sists em paesicine emslees POE | occsnianvs 
SOO 2 < we Yewssascaes safcaweswasacind ‘Seabees eactptuiate: OFZ  feccer-cece 
BUD 5 6 es  [aswenswcceecfinecs wens Dial adsendiseaneclveasiceiseew ee 0.1300 Jeeeesccees 
Slimes . en COO Cees 0.1617 ree 
Total . . | 22.8908 26.5778 17.4004 25.8363 24.5119 23.1080 




















relation will hold all the way up for adjacent particles in the cones 
gland 27. 

The ultimate result of the pointed tube, the Spztzlutte, the Lake 
Superior separator, and of the pulsion action of the jig is to asso- 
ciate together particles of the two minerals that are to be separated, 
in which the ratio of the grains lies in one of these three classes: 

1. The lesser, higher specific gravity grain is smaller than the 
quartz interstices. 

2. The lesser, higher specific gravity grain is equal to the quartz 
interstices. 


> 


3. The lesser, higher specific gravity grain is greater than the 
quartz incerstices. 
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TABLE XXXIV. 
QUARTZ AND SPHALERITE (Plate X). 



































Bus No. s. 3uLB No. 6. But No. 7. 
Sreve-Mesu. | Po Ae ae | | 
—" | si ‘on cae a” | See 

TFs <a ton awaniasine case SAS  Nescdeenenees OE feveviecencédabecwtancaas 
14 . « « jecccscccecss | Ge biveivendenes Gai0e  lataweccctasclesawicenes 
SE ee eee eer | WE bxacdei ae ee de 
S« «5 ee CWE  Cisicciteans ce epreepere | 0.0922 
ae 0.0539 | 2 6426 | Re ee WOE Siscsnccctnns | 0.1643 
ee 0.3923 | 35302 | 0.0665 QUE Bisswccsntecs | 0.9541 
ae 2.6226 | 26226 | 0.1017 10.0720 0.1247 | 6.1078 
>. . 6.3358 | 0.1293 | 2.7952 2.7952 0.4212 | 8.0019 
es ss ey eee 5.9173 0.6575 1.3300 | 5.3187 
Meas 1.5942 | poeacmeainad | 5.6285 0.0569 3.1622 | 3.1622 
ae 0.3894 | pccaaedmass 3.7332 | Peer eee 6.4017 | 2.1339 
yi: Grama) Clerc reenr ss law seceereeee * OBS?  |iatecades asa 6.4078 | 0.3373 
Oe. ct Biase | banat Sree! Noaener mts | adcibiniaaes ae eee eee 
1. + 4. bunnies essessseseey picindaneneiigaael aad TEE tisscic : 
SHIM.  ikwcacccicgec | Re eee [te eeeeeeeees | sla ewoesaws Cae le evaccdens 
Total . . | 16.0542 | 286699 | 18.9291 | 27.2716 19.7335 | 26.2724 























These laws are important, and should be recognized and duly con- 
sidered when mills are planned. 


III. AccELERATION. 

Rittinger, having found that jigs save galena of smaller sizes 
than his formula of 1866 allows, worked out in his appendix of 
1870 the theory of acceleration to account for that fact, showing 
that a particle of galena which is equal-settling with a particle of 
quartz reaches its maximum velocity in perhaps one tenth the time 
required by the quartz. The oft-repeated pulsations of a jig give the 
galena particles a decided advantage over the quartz, placing beside 
the quartz, when equilibrium is reached, a much smaller particle of 
galena than we should expect according to the law of equal-settling 
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Fig. 8, 
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TABLE XXXV. 


QUARTZ AND EpIpoTe (Plate XI). 

















| Bus No. 5. | su No. 6. | Bus No. 7. 
| 

Sieve-Masx. | Epidote, Quartz, — | ann. : * ite les. : | Quartz, 

Grams. | Grams. Grams. | Grams. Grams. | Grams. 
a? Se ee" aes a, 
es 2 | aden — ene | 0.0858 eee ee 
14 Jeeeeeeeeees 26366 erereereees | 0.4537 Foceeeeeenen Ceneeeeeee 
16. | Sscleacioanis TP. heciaian | 04406 Les binietnaneeboknss aden, 
ae 0.4433 | 8.4234 | ose cemebens | SOF. fisveviscniis 0.1179 
ae 0.7673 | 2.3020 | ail ead go Serer | 0.1693 
: ae ang | 2709 ; 0.5945 aS ere 0 8444 
Be aks 8.7481 29161 | 6.1561 | 6.1561 0.2146 6.9373 
ee 5 0263 0.2645 | 5 8478 | 25062 | 2.1476 6.4429 
a BE) Biusacceas ..| 5.0005 | 0.2632 4.6980 4.6980 
a a ae eee | SOM Losiriien: 4.1074 2.7382 
eee Q.O816 |........004. | COE Nivcdvinnnds | 5.0657 1.6886 
OE; cc teens |ovsesencesee eee eer etntinsl’ COME |einecntees 
ey x: oatadaanl ising | sli caswnicieenscabel | OUP Licauco 
ire ea Re Be sensi ietadgalen cca 
SMOG x) 5. baste ctciseas | Sabniiesiemenbuceneeaesees [prereaenne SepiCesneseceaedeenseuad 
Total . . | 198596 | 22.5480 | 20.0224 | 20.8114 18.5495 | 23.6366 





particles. He concludes that the excess of jigging power over that 
indicated by the law of equal-settling particles is due to acceleration. 
Unfortunately, he has not given a ratio of diameters of quartz and 
galena which represents equilibrium with regard to acceleration. 

To test this question of acceleration I have designed a pulsion- 
jig or modified Setspumpe, which is shown in Figure 8. It consists 
of a tin funnel (a), with overflow (4), connected by rubber connector 
(c) to a glass tube (d@), cut apart at % for the insertion of a disk 
of sieve-cloth. The two parts are held together by two clamps (e 
and f) and two bolts (gg), and the leaky joint at % is made tight 
by a belt of rubber plaster. The tube has a branch (4) joined by 
rubber connector (0) to a common plug-cock (f), provided with a gear- 
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TABLE XXXVI. 


QUARTZ AND ANTHRACITE (Plate XII). 






































Bus No. 6. Bus No. 7. | Bus No. 8. 

Sreve-MeEsu. Nl ee ee 

— | oo | “Sa.” pn Grams. 
12 . eae: NR. Mi icccciusss acy couse 0.0022 
is: i as a ee sai el ee 00133 
Moo i Silat ey See eee RE isouicvciess 0.0296 
Ricks: % Bcpacecae ME Ba icuasie MRE fe be 0.4063 
SRE Ey ee oe A a or neues BIN = Giedacecndnce 0.3932 
BG, -s Nesactwae seus Ad loves ecewesss BND AiSeiveis dew 1.6826 
ORC eee OME Bist Sccn, i ener | 5.3864 
asi 0.0504 ee) Ee gi Or | 3.6871 
Bass 0.3122 0.0164 0.0112 | a et Oe | 1.9739 
a a On 0.1603 | 0.1068 |...... sesese] 018904 
ee Se ee eee 144 | 0.0743 0.0273 | 0.5186 
ae UME Ticceccctieciees Os Serene 1.1045 | 0.0460 
ss WE Lc cedtcnties 0.5641 * imetesiank 0.5585 | 0.0056 
40... a OSES WOE scvatinrneds 02224 |......006. 
Slimes . . | Ns Ss oo a Re 3.9229 |.......0 
Total . . | 6.9204 | M4501 53872 | 10.9856 | 5.8356 | 15.0352 





wheel (7), which intermeshes with a larger gear (7) having a crank (s) 
turned by hand. Water is supplied through the rubber hose (/) and 
the hydrant («). The lower end of the tube is drawn down to one 
quarter inch in diameter at /, and by rubber connector (m) is joined 
to a bulb (x) for receiving what passes through the sieve. 

The method of operating this pulsion-jig is simply to turn on the 
water gently at w~ and revolve the crank (s) at the speed desired. 
The revolution of the plug-cock (fg) makes and breaks the water 
connection, and the rubber tube (/) is elastic enough to act as an 
accumulator for the instant that the water is shut off. The sand 
fed in at the funnel (a) quickly falls to the sieve (4), and then receives 
a series of intermittent upward pulsations from the movement of the 
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TABLE XXXVII. 
INTERSTITIAL FACTORS, OR MULTIPLIERS FOR OBTAINING THE DIAMETER OF THE 
PARTICLE OF QUARTZ WHICH IN THE POINTED TUBE WILL BE IN EQUILIBRIUM 
WITH THE MINERAL SPECIFIED. 





Ratio of the Diameter of the Heavier to that of the Lighter 
ineral. 
QUARTZ AND 





Column 4. | Column s. | Column 6, | Column 7. | Column 8. 
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COMPOS (Fie y Sb abe cence, a Peeaes ae ocs| Sa 7.791 DG |secceceae ° 
CSGNRs Sos “a cee ce os eee 6.325 5.656 See  lecean seed 
Wolframite weenie om eos] 4.924 5.381 SIOk lesdees occ 
PIAOE 65 Gove a oe emcee 4.816 4.932 RE feccinncas ; 
COTE oes a eS te Oe eeeacwees | 4.944 | 4.713 GAME Vacasccisis oe 
APRCNON INE: an 6k 6 ee Lesa eee ; 3.847 3.747 3.617 | saisaaieere ‘ 
CHMCUEIE. 53-5 6 we os Ieee ++-| 3.464 3 246 2.636 | nataeoes ee 
PURUOUNE. Wok RK es 2.640 | 2.795 2.988 1 |icccccccce | ee er 
TE 5. 5h 4s oe. 4 eee | 2308 2.030 a ee 
OOM 63 ae ee Bee 1.702 1610 rh ee 
RE eh cs tog le a es “aan ee 5.540 5.569 | 5.724 








water. The sand is therefore subjected to'an upward current of water 
at one instant, which remains stagnant the next instant. These pul- 
sations may be given at almost any rate up to 800 per minute. 

This instrument seems well calculated to answer the question, 
Does Rittinger’s acceleration, due to intermittent upward pulsations, 
add anything to the effect of Munroe’s interstitial currents ? 

Two tests were made with the pulsion-jig, one upon galena and 
one upon sphalerite, each paired with quartz. 

For convenience, when in use the sieve was removed. This per- 
mitted the products to be drawn off by the bulb in series exactly as 
they were in the pointed tube test, and the bulbs so drawn off were 
sized, and the different little hills were laid out and photographed as 
before (Plates XIV and XV). 

The ratio for three columns of hills, computed by the method 
adopted for the pointed tube, yielded for the two minerals treated, 
namely, galena and sphalerite, the figures shown in Table XX XIX. 
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If now we compare these ratios of Table XX XIX with those ob- 
tained by the pointed tube (Table XX XVII), we see that nothing 
whatever has been gained by adding acceleration to interstitial cur- 


Fig. 9. 
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rents. But since acceleration must logically produce some result, 
there should be some explanation of its apparent failure here. It is 
quite possible that this is a case of “parallelism,” just as if two cells 
of a battery be placed side by side in multiple arc nothing is gained 


¢ 





fy 








(A) & 











Close Sizing Before Jigging. 289 


TABLE XXXVIII. 


GALENA AND QUARTZ HILLS OF PLATE IIé, TESTED WITH THE FREE-FALLING TUBE 
(FIGURE 6) FOR FALL VELOCITIES. 






































Series of Bulbs Drawn from Pointed Tube. 

ae : 

= 1 2 | 3 | 4 | 5 | 6 | ee | 9 | 10 

F Velocity in Inches per Second (Mean of Four Determinations). 
ac oe 2 6.62 6.192 | eo#7| Vaden’ ae ere a a 
14. .| 13.24 | 1301 |........ 6.295 |6 192 | 5.687 | 4.291 | Sen owen baat 
16. .| 1324 | 1239 |........ 5.446 | 5.774 | 5.224| 4.266 | Gee Foren Raat 
is. .| 1146 | 1181 | 96 | 5.333 |5.019] 4.80 | 4.412 |......|..cececcleceees 
20. .| 1113 | 1097 | 8257 |........ 4.544 | 4.266 | 4.062 |.. ...|..sece0. ae 
24. .| 10.52 | 10.24 | a Seoeprer 4.196 | 4.00 | 3.8975 | 3.413 |.....00. Sa 
jo.) ee | oat) $a Iicccaeideccass 3.821| 3.412 |...... | Veanitaadias 
40. .| 6678 | 7.110| 6562 | 5.731 |......]...... 2.898 | 2.666|........|-.00+« 
a, ee G99 | SIM Necevecss 4.314|...... 2.377 | 2.151 | 1.969 |...... 
th. Boe iae 486 | 486 | 3.692|3.443| 1882 | 1.714| 1506 | eats 
Ea LEROY See 4314 |...0000.| 3-491 3.011 |seeesee. 1.326 | Te 
hs: s Mimecens see Sees 3.00 | 3.00 | 2.493] 2.121 | 1.046| 0.438 |...... 
a nee eee ter noe en oe 2.603 2.40 | 2453 |...... | 05983 |.-as00 
et SE Cae, See SRP NeeaN | seas 1.846| 1.740 |...... | 04757 |.-40-. 
Slimes. |........ eres) wenerny rere n becacas PMA cidicicns =_— cae omer 











in volts, or as two horses harnessed side by side are no faster than 
one horse. 

Tables XL and XLI give the weights of the hills in three columns 
each of Plates XIV and XV, from which the computations in Table 
XXXIX were made. 

IV. Suction. 


This law of jigging has not received the attention which it de- 
serves. Munroe says of it that suction appears to be necessary for 
jigging through a bed. Hoppe says that suction is very necessary 
to jigging, and that he has in progress an investigation of it. 

In order to test the limits of the law of suction I have designed 
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TABLE XXXIX. 





ACCELERATION FACTORS, OR MULTIPLIERS FOR OBTAINING THE DIAMETER OF THE 
PARTICLE OF QUARTZ WHICH, IN THE PULSION-JIG, WILL BE IN EQUILIBRIUM 
WITH THE MINERAL SPECIFIED. 


















































Ratio of eee Sens Cet to Average 
QUARTZ WITH 
Column s. Column 6. Column 7. 
Galena 7:16) 6.103 5.074 
Sphalerite . 2.091 2.148 1.972 
TABLE XL. 
QUARTZ AND GALENA BY PULSION-JIG (Plate XIV). 
Burs No. 5. Bus No. 6. Buts ‘No. 7. 
S1eve-Mgsu. 
ne i ae | oe | ee | ae ll ee 
> ater NE ik icissens GE Reciesiniee 0.0512 
Asis! soubswabeaasens BISON isis aie sa ae p41 Diese! Uisescpaccuwanc 0.5227 
| AGP Een Sera yo BALL | lckwciecaaaeeie “4, 2 21a dl CR Pe oe 0.4019 
IS AG 5) duesivaiasoens BEAD: | scsewsececes BMEO)  lieascscak ess 3.1527 
2D = = « [esccvececses dd le vesnwese wee BEEIO “hovecscwcates 2.0265 
Bi, ne lnweusaia eee Uae | Chal PSSA ree BANGS. ‘Ineanes sree 5.3038 
30 . 0.0023 EDD hens cicow ieee SAGOE “liane eoseses 11.0832 
40 . 0.0378 0.0020 0.0161 SOS) “Hiigewasieuaieres 4.6484 
50 . OCG PRS emer oe pas 0.0189 0.0189 0.0520 | 1.6818 
60 . SORE  dovesssan'esas ARE: eseswsccwa oe 0.0136 | 0.2582 
80 . 11.4166 1 SR EteD “ees esewiaanwr 0.3189 | 0.0354 
100 . Bilese Aswasccusaten DG hescccccsaees 5.9146 |.seeseeees 
120 . 0.3900 Eeeanncaswees AWOUD) jl kwaaesamescs 2.2753 | Seokackete 
140 . APE Nite ueccmneten GAGS“ iecituesceuse 0.9300 | Ren 
Slimes . OOSB2: tate csiecistare OISEIS. |vascicnsemeer | 32828 | Sosenpaee 
Total 22.2319 28.3533 14.7059 31.5252 | 12 7872 | 29.1658 
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TABLE XLI. 


QUARTZ AND SPHALERITE BY PULSION-JIG (Plate XV). 









































Bute No. s. Bute No. 6. Bute No. 7. 
S1eve-Mesu. ] 

| = | | se | ae | oe 
Oe. win: kab ch i eee ae 09170 |...ecesceee. 0.0533 
eb i-5 eneoaies Sl Seneerere GONE Licata cisiac: 0.2564 
es, Sener et ce 2.0799 |..cccecceese 0.3592 
oe 0.2887 5.4855 0.0809 Ce a ree 2.8745 
ea 4 0.5432 0.8149 0.0246 GUE Weiicinsiitasa 1.9888 
a 2.7250 0.9083 0.8308 | 3.3234 0.0594 5.8787 
neo: 9.9139 0.2023 4 2891 4.2891 0.4980 | 9.4620 
“—— BU Nincaseniexs 6.8335 0.3597 3.5382 3.5382 
er Oa eee a we] 5.9406 0.6601 
ee WRN icctsarines 19 Lenieae AM Lcxitsensinin 
ESE, tenes TaMeerT are Oe haste 1.8364 | grit ts 
LUO 5 <<) S) Pebews bee Sed abeawsbase casclebensahkoeseubuvabauemeans 0.0969 | eiccbemenue 
Wh. 4 Re aise eRe ie Bao eats 
PE Seen: Cece ne Ce caus 
SMES. + [escdswraancaldicesacd canoe bxeddonas eunetucesoneeceeeleeeecauecnes Raye 
Total . . | 179687 | 224126 | 17.3409 | 24.1401 | 1017 | 25.0712 








a little movable sieve-jig, shown in Figure 9, which gives a very per- 
fect jigging action. It consists of a glass tube (a, a, a, a) 5 inches 
long and 1} inches in bore, which is cut at 7, 7, into two parts, 4 
inches and 1 inch long respectively —the 4 inches being above the 
sieve; a disk of sieve-cloth (¢, ¢) is inserted between them; the parts 
are held together by the wooden bars (4, 4) and the bolts (e, e), with 
nuts (da, d@). Power is transmitted through the rod (Az), the beam (/) 
oscillating upon a pivot (4), a connecting rod (/), a small pulley (m) 
with crank-pin, a belt (z), and a large pulley (0) driven by a crank 
(~). The cross-bar (f) and the lock-nuts (g, g) are used simply to 
stiffen the rod (#). The jig is suspended in a glass jat (s) with 
water-level at 7. 
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By turning the crank (/) an oscillating motion up and down is 
given to /, received by w#, and transmitted to the jig-sieve (, #). 
The amount of oscillation may be controlled by connecting w with 
j by means of any of the holes (2). The smallest oscillation was 
x inch, the largest § inch. The latter was preferred for the tests. 

The effects of pulsion and suction were studied in three different 
combinations, namely, full pulsion with much, with little, and with no 
suction. 


1. Full Pulsion with Much Suction—When the jig (Figure 9) 
is run with the glass tube elevated 1} inches above the surface of 
the water at the lowest point of its stroke, the jig operates during 
the first few pulsations as a lift-pump, elevating the surface of the 
water within its tube until the inside water level is perhaps 1 
inch above the outside level, the sand particles acting like so many 
little valves. Thus it reaches equilibrium, and from this time on 
the suction due to the downward rush of water must be equal to 
the pulsion due to the upward rush of water. The bed of this jig 
is tight and only slightly mobile. The strong suction compacts it 
more or less. Mobility may be restored by using a long stroke. 


2. Full Pulsion with Little Suction. — When the jig is run 
with the glass tube inundated to a depth of { inch below the sur- 
face of the water at the lowest point in its stroke, then, during the 
downward movement of the sieve, a full pulsion movement is given 
to the water as it passes up through the sieve, and the sand setties 
through it. But on the upward movement the sand settles in the 
sieve, and comparatively little suction results from the inertia of 
the water. The reason is that there is a free discharge of the 
water at the top of the glass tube. Here we have full pulsion 
with little suction. The bed of this jig is loose and very mobile. 
There is not enough suction to compact it. A shorter stroke here 
suffices for mobility. 


3. Full Pulsion with No Suction. When the pulsion-jig (Figure 
8) is used upon mixed sands, it matters not whether we revolve 
the cock rapidly, giving rapid, small pulsations with short intervals 
of repose, or more slowly, giving fewer and stronger pulsations 
with longer periods of repose, the result is the same. The sands 
are treated by pulsion without suction. The bed of this jig is ex- 
tremely loose and mobile, there being no suction to compact it. 


a 
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In all the tests upon jigging now to be described, unless other- 
wise stated, the stroke of the jig was $ inch; the layer of quartz 
was 2 inches thick; the layer of the added mineral to be separated 
from the quartz was ;3, inch deep, and placed on top of the quartz. 
When the jig is said to be “elevated,” the top of the glass is 1} 
inches above the water at the lowest point of the stroke; and when 
the jig is said to be “inundated,” the top of the tube is { inch below 
the surface of the water at the lowest point in thé stroke. A 16- 
mesh sieve was used in the jig throughout the tests. 

The first series of tests was made with quartz and galena to note 
the behavior of different sizes of galena with a single ‘standard size 
of quartz. For this purpose the two minerals were jigged together 
as follows: 

Quartz, in all cases, through 10 and on 12 mesh; average diam- 
eter, 0.0725 inch. 

















i | 3 « 

% . é z z 2 

z : a & & & 

« « ® = = i. 

GALENA. c w oe “ “ = 

7 ~ s g ? < 

2 3 2 2 3 2 

o 3 3 3 3 3 

e = = = a | & 

i . 
Through (meshes per inch) . 10 16 24 30 | 60 140 
On (meshes perinch). ... . 12 18 30 40 . 80 

Average diameter, inches. . . . 0.0725 | 0.0429 | 0.0262 | 0.00195 | 0.0095 | 0.0042 














Each pair was treated with much suction, with little suction, and 
with no suction. 

The results are given in Table XLII; and the following con- 
clusions as to the behavior of quartz and galena are indicated : 

Light suction is more rapid than heavy suction (tests 1 and 2); 
no suction is more rapid than light suction (tests 2 and 3). Where 
the galena is fine, much suction is rapid; but no suction is also rapid 
(tests 10, 11, and 12) until 60 to 80 mesh is reached (test 15), where 
galena is in equilibrium with the quartz. With heavy suction there 
is an interesting maximum reached at .0262 diameter galena (test 7). 
Here the galena is too fine “or equal-settling particles to help it much, 
and it is too coarse to be sucked down in the interstices of the quartz; 
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hence its siow action. Compare it with .o1g5 diameter galena (test 
10), which is small enough to be sucked down in the interstices. 
Here heavy suction brings quite a rapid separation. 


The second series of tests was made upon quartz and sphalerite 
(blende) put together in pairs as in the experiments just described. 
The diameters were the same as those given above for the similar 
tests with galena. 


The results are given in Table XLIII, and the following con- 
clusions as to the behavior of quartz and sphalerite are indicated. 

When the quartz and sphalerite are of the same size, light suc- 
tion is far more rapid in its action than heavy suction (tests 19 and 
20), and no suction is most rapid of all (test 21). As the discrep- 
ancy in size increases, heavy suction gains slightly and light suction 
loses ground slightly (tests 22 and 23, also 25 and 26). No suction 
breaks down entirely in test 27 ; equilibrium is here reached. When, 
however, .0195 diameter sphalerite is reached, there comes a complete 
reversal ; the heavy suction gives.a rapid result (test 28), and the light 
suction is quite slow (test 29). No suction was not tried because the 
upward current in the previous experiment was too much for a larger 
sized sphalerite. From this down the heavy suction is- rapid (tests 
31 and 34), while the light suction grows weaker in each number 
of the series towards the lower end (tests 29, 32, and 35), where 
the rate of jigging had to be diminished in order to lessen the 
upward current before the sphalerite would go through the sieve at 
all (see test 32 for example). 


We seem here, to a more marked degree than with galena, to 
have the measure of the size of the interstices in the quartz of 10 
to 12 mesh or .0683 inch diameter, for’ the sphalerite through 24 on 
30-mesh (= .0262 diameter) is settled only with extreme difficulty 
according to the laws of equal-settling particles and interstitial cur- 
rents, while sphalerite of 30 to 40 mesh (= .0195 diameter) is drawn 
down with great rapidity by suction. We may assume, therefore, 
that this size is the coarsest that can move freely in the interstices 
of quartz of 10 to 12 mesh size. 


The third series of tests was made upon quartz in large grains, 
with quartz in small grains, to determine the effects of suction and 
pulsion. For this purpose the two kinds were jigged by pairs, as fol-: 
lows (the results are given in Table XLIV). 
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Quartz passing through 10-mesh and resting on 12-mesh sieve 
(average diameter, 0.0725 inch) was jigged with quartz of the fol- 
lowing sizes : 








Test No. | Through Mesh, On Mesh. Diameter in Inches. 

Sipe Sehie Ga OR rele Hana eal oe ee 24 30 0.0262 
| 

es WO 5s sae he ea ees 30 40 0.0195 
| | 

ee ee ee 60 80 | 0.0095 
| | 

i a ae ne a oe ee 140 0.0042 








We conclude, with regard to quartz of different sizes, that strong 
suction can draw down small grains of quartz through the interstices 
between large grains of quartz (tests 39, 41, and 43), and, if there is 
no intercepting heavy mineral layer below, these small particles will 
go through the sieve. Light suction, with excess of pulsion, cannot 
draw small quartz down (tests 40 and 42) so long as the jig is really 
working. When, however, the pulsions are so slow as not to move 
the coarse quartz (test 42), then suction equals pulsion and sifting 
takes place. Strong pulsion with no suction cannot draw down fine 
quartz through the interstices of 10 to 12 mesh quartz under any cir- 
cumstances. The quartz will always be graded by size—the coarser 
below, the finer above, as in the pointed tube. 

The fourth series of tests comprised the jigging of mixed sizes upon 
a number of minerals ranging from copper at the heavy end of the 
series to anthracite at the light end. Each mineral was mixed with 
quartz in approximately equal quantity by volume, and the sizes in 
all cases were from 10-mesh to dust. The pairs were composed of 
quartz with copper, galena, antimony, arsenopyrite, chalcocite, magnet- 
ite, pyrrhotite, sphalerite, epidote, and anthracite, respectively. The 
results are given in Table XLV. To aid in interpreting these results, 
the skimmings or tailings from each of the tests were sifted upon the 
nest of sieves; each size was spread out upon a sheet of paper, and 
the quantity of the heavy mineral in it was estimated by the eye, as 
per cent. by volume or number of grains in one hundred grains. The 
results of this sifting and valuing process are given in Tables XLVI, 
XLVII, and XLVIII. 


As a means of comparing quickly the final results of these jig- 
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ging tests, the phrase “5 per cent. in the tails reached up to.... 
mesh” is used. The figures inserted in the blank are taken from 
Tables XLVI, XLVII, and XLVIII, and will be seen to give a 
quick and fairly good summing up of the tests. 

The conclusions as to the jigging of mixed sizes are as follows: 

In the elevated (heavy suction) tests, the tailings retrograde rapidly 
from copper towards arsenopyrite. From arsenopyrite on they retro- 
grade but little. (See Table XLVI.) 

Again, in the inundated (light suction) tests, beginning with cop- 
per, the quality of the tailings of each mineral is much poorer than 
that of the mineral next preceding it, until arsenopyrite is reached. 
Here again there is a change —the tailings of arsenopyrite are much 
worse than those of antimony, and but little better than those of its 
lighter neighbors to the right. 

For testing the pulsion-jig, the corresponding values were obtained 
by assuming that the pulsion-jig and the pointed tube have practically 
the same effect. This has been proved at two ends of the series (com- 
pare Plate XIV with Plate 114, and Plate XV with Plate X ; also, the 
tables of figures which correspond). 

On this assumption, we take, for example, Plate 114. Clearly 
bulbs Nos. 1, 2, and 3 form the heads of jigging, and bulbs Nos. 4, 
5, 6, 7, 8, 9, and 10 form the tails. We estimate the percentage 
of galena in these different sizes of the tailings. There is no galena 
in 12, 14, 16, 18, 20, and 24-mesh grains. From 30-mesh down my 
estimate is given. in Table XLVIII, together with estimates made in 
like manner on Plates I to XII inclusive. 

Once more arsenopyrite appears as the turning point in the series, 
the tailings of the successive minerals rapidly retrograding in the se- 
ries until arsenopyrite is reached, while the tailings of the minerals 
to the right of arsenopyrite are but little worse than those of that 
mineral. 

Quartz being the heavier mineral of quartz and anthracite, it is 
much too good to be in the company it is. The ratio between quartz 
and anthracite is nearly as great as between quartz and antimony. 

The results of this series prove conclusively that strong suction 
is more efficient for jigging mixed sizes than weak suction (compare 
Nos. 45 and 46, 48 and 49, etc.) ; and, again, that weak suction is more 
efficient than no suction (compare Nos. 46 and 47, 49 and 50, etc.). 

These tests show, also, that in jigging mixed sizes of a series of 
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TABLE XLIV.—Jic TrEsts oF COARSER AND FINER QUARTZ. 





Test 37. 

Quartz of diameter, .0725. 
Quartz diameter, .0262. 

Jig elevated. 
Time, Pulsa- Per 
Sec. tions. cent. 


60 265 0 


Notes. 


Quartz all on top. 
120 628 0 Quartz all on top. 
180 ©1177 0 A little down } inch. 
240 1952 0 A little down 1 inch. 


The great variation in speed effected little. 


Test 38. | 


Quartz of diameter, .0725. 
Quartz diameter, .0262. 
Jig inundated. 


Not tried. 























Test 39. Test go. 
Quartz of diameter, .0725. Quartz of diameter, .0725. 
Quartz diameter, .0195. Quartz diameter, .0195. 
Jig elevated, 3-inch stroke. Jig inundated. 
"See" tions Notes, ‘See’ tions ~ 
60. 292 No sifting, all fine quartz on 60 496 te sent all fine quartz to top. 
top. ower, sent all fine quartz to 
120 744 } Rapid jigging, top layer disap- 1200 715 top. 
peared, sifting began. 180 997 ; Slower, sent all fine quartz to 
180 988 a jigging, sent the grains top. 
back up to the top. 240 1179 ; Slower, sent all fine quartz to 
top. , 
Test gi. Test 42. 
Quartz of diameter, .0725. Quartz of diameter, .0725. 
Quartz diameter, .0095. Quartz diameter, .0095. 
Jig elevated. Jig inundated. 
Tine, Fuse Not, Times Fae Notes 
5 22 ~—s&Began sifting. Fast jigging, all fine quartz 
60 266 Sifting freely. 60 399 on ian , . 
120 536 ~All sifted. 120 696 Slower, all fine quartz on top. 
O q P 
180 935 Slower, all fine quartz on top. 
240 1143 geome 15 per cent. sifted, 
no pumping motion. 
Slower, 30 per cent. sifted, 
300 1289 no pumping motion, fine 
quartz on top. 
Test 43. Test 44. 
Quartz of diameter, .0725. Quartz of diameter, .0725. 
Quartz diameter, .0042. Quartz diameter, .0042. 
Jig elevated. Jig inundated. 
Time, Pulsa- Time, ‘ 
ao Notes. ~~ Notes. 
Fine quartz all sifted, ex- Coarsest of fine quartz sifted, 
18 88 } cept a little muddy water. 19 49 finest lifted. 




















303 


LggIng. 


z 


Before Ji 


sing 


Z 


Close S 








“ysoul 
-09 0} dn payoves sre} 94} url ‘yu90 19d aALy 
‘doz uo souy 








jo 19Xe, Yaep v ‘zyzenb ut Sur €Ssl Oo9F 
-MOYS [[QS vus[es YSIUl-YQg aulog 
‘do} uo souy 
jo s9he, yaep v ‘zj1enb ut Sur 09ST a0¢g 
-MOYS [[QS vusTeSs Ysoul-Yg sUI0G 
-doy uo souy 
jo s9X4ey, yaep ve ‘zyrenb ut Sur ItZL OFZ 
-MOYS [[S BUdTLS YSoUl-Yg sUIOS 
‘do, uo souy 
jo sXe] yap v ‘zyrenb ur Bur Ss6~—s«OST 
-MOYS |[S BUuITeS YSaUI-GQ sUI0S 
‘do} uo souy 
jo rzoXhey, Yyaep ve ‘zyaenb ur Sur 629 = OZT 
-MOYS [[GS BusTed Yysour-Y¢g auUI0G 
‘do, uo souy 
jo a0Xvy, yrep v ‘zyzenb ut Sur oIg¢ 09 
Sita -MOYS [[QS EUuT[eS YSoU-OYp BIOS 
o yada “suoly "29S 
0§ 03 dn payovar spre} oy} ut yua0 sod aATy “SION -es[ng ‘awit 
‘Sif-uoisqnd “+z ‘aqny payuiog ‘poyepunut Sif 
“‘Ysaw-OT Ysno1y} vusley pur zjwNnd *YSOU-OT YSno1y} vUud[eryy pue zjIVN’ 
‘oF 48a OF 782 
“ysoul 
-0§ 03 dn payovar sjrez oy} ur “yua9 9d oAIy 
‘38e] UST) 19}39q ON OLET SSZ 
‘zyzenb ut [jus 1addoo apa, V SSOL S6I 
*zyzenb ut saddoo ysoul-y L1+9 OZ 
“ysoul zyienb ut saddoo ysauw-0z esd bid 
~0¢ 03 dn payoevar spre} ay} ut -yUa0 J0d oaTy *S330N, -esing can, 


“Sif-uorstnd “az ‘aqny pazulog 
‘ySaw-OT Ysno.1y saddog pur zj1eng 
‘LE ysaZ 


‘ayoays your-$ ‘payepunutr Sif 
*ySoul-OT ysno1y} aoddoy pure zj1engd 
‘oF 782 








*souy 0} AJUO payoval sjtez oy) ul *}UD0 Jed DAIY 


‘aduryo ON 616 OST 
‘aha ay} 0} UvIID 699 OZI 
“SUIMOYS [IQS YSou-Yp BUI0SG SE 09 
. ‘su0ly. = “99S 
SOJON -esing ‘ouity, 


*poqeag[o Sif 
“ysoul-QT ySno1y} veuspey pue zj1end 
‘SF 182 





“AIS YSOUl 
-0ZT 03 dn payovas spre} 943 ut ‘yua9 49d oar, 


‘adueyo ON St6  O8sT 
‘uvg[o Aqeoreend £c9 Ss «OT 
*zyaenb 
ur [gs s9ddoo ysaw-o¢ swosg } eee 09 
' *suoly 29S 
S3}0N -esing ‘aully, 


‘ayosjs yout-§ ‘pajeaaye Sif 
‘ysoul-OT ysno1yy s9ddoy pure zyrend 
‘Sh sa 





‘SAZIG GAXIJ{ AO SLSaL DI[— "ATX WIAVL 











v 














Robert H. Richards. 


304 








*ysoul 
-p[ 03 dn poyoear sre} oy} ut ‘yu90 rod sary 
“Srf-uorstnd “az ‘aqny pajyulog 
‘ysour-OT ysno1y) a311Adouasiy pur zyreng) 
98 #821 





“Ysa -Oo,t PeyoRat site} 94} UT “yUuad jad AALS] 


‘aka ay) 0} ULITD 606 OSI 
‘aka ayl 0} URATD ZS9 OZ1 
‘zyaenb ut Surmoys es 
ayukdouasie ysourgg api, V Ose 09 
: ‘suon ‘296 
st -esyng = ‘aus, 


*‘payeaaia B1f 
*ysawl-OT ysnosy) aytAdouasry pure zjyreng) 


%kS 4s8aZ 











*ysour | 
-O¢ 03 dn payoear spre} 94} ur *yusd s90d oaty 


‘Sif-uorstnd “az ‘aqn} pajulog 
‘ysour-OT ysnosy) Auownjuy pure zzren?) 


ES ysaz 











*ysoul 
OF 03 dn poydear site} oy} ur ‘yus0 sod aay 
‘doy} uo souy jo 19AR, ysep =U : 
ev Surmoys ‘19}30q Ou ysougg § 999T 008 
‘doy uo sauy jo safe, yep . - 
ve Sutmoys ‘419}39q Ou yYsourg9g 91ET Oe 
‘do} uo 
sauy_jq sghv] yaep v zzaenb ut S146 OSI 
Surmoys ‘ajiAdouasie ysour-og 
‘doi uo ’ 
sauy jo 19hv], yAvp v zzaenb ut sso -—s«éOZI 
Suimoys ‘ayAdouasre ysou-¢ \ 
‘doy uo 2 
souy jo 19Ae] yavp v zjyrenb ut sT¢ 09 
Suimoys ‘ojzAdouasie ysour-o¢g \ 
é ‘suoyn "29S 
beaks -esyng 9 ‘auny 
‘poyepunut 31f 
*Ysoul-QT ysno1y) aytaAdouasry pure zzyvn?) 
“SF ya | 
‘youl 
-0§ 0} dn poyoval spre} ay} ut ‘yus0 sad oALy 
*ysv[ URY} 19939q OU ‘YSOU-OS F7ST OOF 
‘ySu[ ULY} 19}}0q OU ‘YsaUI-OG ZLZIT OFZ 
‘doy uo sauy jo 19Xe| yAep & ; 
‘zyzenb ay} ul Auownjue ysour-o¢ €96 Os! | 
‘doy uo souy jo 10X4e, ylepe 3 | 
‘zyaenb ay} ut Auownjue ysour-pp § eso OI 
‘do} uo souy jo 19X4e, yep & mys | 
‘zyxenb ay} ut Auounjue ysour-o¢ sT¢ 09 
os *suoly 29S 
HO -es[nd ‘Quy, 


‘poyepunut 31f 
*ysoul-QT ysno1sy3 Auownyuy pur zjren?) 


"eF 48a 


“‘panunyuod —*ATX AIAVL 





*souy 
0} AjUO payreos sirez oy? ur ‘yuI0 aod aAty 
‘asueyo ON $26 GST | 
‘uvao Ajpeonoevsd zj1en¢) 959 OZ | 
‘z2a1enb : 
ur Zurmoys Auowyjue ysow-og 6l€ 09 
*suoly 
-es[nd ‘? 






*‘payeaala Stf 
*‘ysowl-OT ysno1y} Auownuy pure zyend) 


1S psa 





305 


gging. 


fo) 


, 


ing Before J 


1s 


jG Z Ose 





‘YSOW-T poyovor spre} oy} ut ‘yU90 sad aAly 
“Sif-uotstnd “a-7 faqny paulo, | 
*"ySow-OT ySnoiy} ayyousey pue zjiend 


"29 182 


“"YSoW-$Z payoval s[rez 9y3 Ur ‘JUdD 19d OAT 

, , "19139 ON =OFOT 00F 
do} uo souy jo 194k] Yrep WY SIs v - a 
‘zyrenb ay} ut aaUseu ysour-z f LET OFZ 
‘doz uo sauy jo 1942] Yep WYSIYs v 
‘zyaenb ay} ul aygauseut ysow-Oz 
do} uo souy Jo savy yaepyysyse 


IlOLl OST 


‘zyrenb oy} Ut ayyauseu ysou-yz § +19 OZ 
do} uo sauy jo 1aXv[ yaep 1YySI[s & 
‘zyzenb oy} Ul ayyQaUSeUL YSaU-ST ore = =—09 


‘suolh §='99S 


are -vsing ‘wry, 


*pojyepunut Sif 
"YSOUL-OT YSno1y} oJQV0Usey pur zien? 








‘souy A[uo poyova.s spre} oy} uT*yUI0 Jod OAL | 


“1ayJoq ON 

‘zyenb ut ayouseul ysaur-pz ssa7y— 7 EL OZ 
*zyaenb ut aynouseu ysou-gz ssay = 196 OST 
‘zyrenb ul aynouseul Yysour-pzssoy 029 ZI 
‘zyivnb ut ayyousem ysourpz 61£ 09 


6£9T OE 





eee -vs[ng ‘QUILT 
*payeagja Sif 
*ySoul-OT YSno1y} oyQeUSey_Y pue zjIeN?) 


09 182, 








*ysoul-ZT 
0} dn poyoear sie} oy} ut *yu90 sad dat 
“Sif-uorsnd “az ‘aqn} payuio., 
*YSOUl-OT Ysno1y} a1909TeYyD pue zen? 
OS ysaZz 





19 $82 
“YSOU-Op 
0} dn payoros spre} ay} ut ‘yu90 sal sary 
} aS ON SS6I O09¢ 
JoXvl yrep & sacha A Al : 9291 O0f 
Joke, yep & aeucee wanes } TITEL OFZ 
eed oar tg pea aint} 906 Ot 
‘nsaah ag orate aes | 499 = OzT 
cucabepeine app gma; wt 


‘suoly. ‘99g 


bai -es[ng ‘outty, 


‘payepunur Sif 
"YSOU-OT Ysnory} 9}1909TeYD pue zz1eNd) 


"9S 782 





*ysoul-09 

0} dn payovar sprey oy} ut yu90 sod sary 
*19339q ON 98ST O0£ 
syuaWMaAOIdut 9py9t, Ad A, €9ZI_ =: OFZ 


9726 OST 





UL SUIMOYS 9}1909|vY9 YSouUI-Yg 
‘zy1vnb ; 


Ul SUIMOYS 9}1I909]eYyD YSout-Y9 +6 OzT 





*zy1enb t . 
. . . C12 
UL SUIMOYS 9}1909TeYD Ysoul-Y¢ au 
‘s *suol} 
aaa -es[ng 


*pojwaala Sif 
*YSOU-OT YSnosyy a31I909/eYyYD pue zen?) 


LE 38a 








Panuyuod—"A'IX ATAVL 








¥ 














Robert H. Richards. 


306 





<~- ‘ 
“YSoULo¢ 
0} dn payoves sptey ayy ut ‘yuoo sad aA 
‘doy uo souy jo s9hey ” , 
ylvep uly) ‘pastas Junyis ysaurog f Gr8e OFS “YSout-(zZ | 
‘ay ve Surured ‘ysour-Og  ZOZZ OTF | 07 dn payorar sprey ayr ut “yua0 tod aay 
‘apt B Sucured ‘ysourpg O81 OF ‘uvayo Atpeonovig H8EZ OST 
‘apatt B Tupuyed “ysourgg FEST OVE ‘Aungts [Vs Safeos MOF Y [907 O6F 
“app B durured YSaull-O¢ OLZL OF ‘Sunyis [[1IS SOROS May Y SSLI OFEe 
. . " buie ) "3s . b 
Be Surured ysourge = 106 OST | -zyienb ay ut antaqeyds ysourgg OFT OLZ 
zy1enb a ayuereyds YSIu-OzZ S79 Oz ‘2yaenb ayy ut aitiapeyds YSour-(jf I+0l S6l 
do} uo sauy jo 194e] yrep > of ‘zysenb ayy ut aittayeyds ysour-og 7zL SFT 
ony) ‘zzzenb ut aztayeyds ysout- Olt ) ot oe 2 oe J 
oan et 2e ha ied bade blah ban 81 ‘2ysenb ayy ut ayitayeyds YSIut-()Z RZE 09 
yseul-7[ 4 suon ‘29g - ~ > ¥ 
S9ION suon 9G 


0} dn poyovor sie} oy} ut *}U99 jad aAty 





ul { 2 faqny pajul0odg 
‘YSOUl-OT Yysnosy) ayuajeydg pure zjren?) 


‘89 IAL 








“ysour-z[ 
0} dn poyorss sre ay} ut yus0 sod dary 


“31f-uorstnd “sz ‘aqn} payulog 
‘YSoW-O[ Yysno1y} sWoYyWhg pue z}1eN0) 


"SQ 7saZ 





. es[nd out yf, 


‘payepunut Arf 
‘ysourjl ysnosy) aytaayeydg pue zyrend 


‘LQ 182, 
*YSOUL-O¢ 
0} dn payoror spite} ayy ut ‘yU99 rad oat 

199d ON = ELLT =—O9E 

‘u08 , : 

ysout sake, yaep “sayoq apa Vv § SStl OE 
‘sayaq ‘Yysourng ZIT OZ 

‘ranioq ‘ysaw-og ZS OT 

“s9}19q ‘qSoUul-O¢ 919 OzT 

‘doy uo sauy jo 19Xe[ yArep & : ; 

‘qysenb ay) ut aoysskd ysourpg t6¢ 09 
- » ‘suoly IS 
SaI0N ~es[ng ‘outs 


‘payepunar 31f 
nosyy anoyutg pue zyren?) 


KO 782 





‘ysourp, Y 





Panusjuoyd—* ATX HIAVL 





“SION 
*payeaala arf 
‘ysourpt, ysnosyy aytsazeydg pure zy1en?y 


‘99D IAL 


“Yysoul-Y9 
oy dn payoror spre} oy} UT *}U29 god dat 





“199 ON ZE9T «ONE 
*}SP] UeY} 19339q / g ? 
‘gaenb ayy ut aynoysskd ysour-o¢ § LIEl OZ 
“ysel Ue) 19}I0q i] , 
‘qxenb ayy ut ayqoyasshd ysour-o¢ 8646 OST 
*ySel URYR 19999q 4 ” 
‘qaenb ayy ut anoysshd ysaut-H¢ £39 —s«O@T 
‘qyzenb ayy ut amoysskd ysourpng LE¢ 09 
su0ty ve 
SOION esing ‘gum L 
"DOIVAITO arf 
‘ysourpy, qyanoiyy ynoyuUAY pure zjren?) 


‘EQ 2L 





“es[ne ‘autty, 





307 


ging. 


8 


iy Before Ji 


Sin 


z 


Close S 











“ysoul+z 0} dn payorol 
ayoeiyjue ay} ut zyenb jo “yua9 sod aay 
‘3i{-uors[ng 
*YSoul-O]T YSnoiy} oy19e1yUY pue zjeN~) 
#L ys2I 


*ysoul-(9 03 dn payove1 
ayovsyjue ayy ut zjyaenb jo ‘yu90 sod oarg 


‘afo ay} 0} Uva AT]VONOVIg SIIZ SE 
“YSIUl-Q9 BOS ISZt Sle 
“VIC BNL V +8tI SIE 
“19H9q 9111 V 96IT $Se 
*YySaul -Of WIOG S16 S6T 
“3J9[ YSIU-OT Maz V OLS =: O@T 
‘a}IOvAYQUE , 
ay} ut zzzenb ysaw-g[ awosg sle 09 
, *suoly 22S 
ad | -esing = ‘auty, 


*‘poyepunut Sif 
*ySOUl-OT YSnoiy} oyOVAYIUY puv zjiEN() 


| 
| 


*ysou-O¢ 0} dn payovas | 
ayovryjue ay} ut zjrenb yo ‘yua0 sad oar 


uvalo Appeonoeig 0L6 SOI | 
*YSOUL-OZ awosg Z09 OZI | 
‘aoesryjUe 
ay} ut zjazenb ysour-gT at c6e = (O9 
“ “suoly "2aAS 
S3}ONT ~esing ‘ouny, 


*‘payeagyo Sif 
*YSOU-OT Ysnosy} a1IOVIYyJUY pue zjIENC) 











*ysoul 


ZT 03 dn payovar ste} ay} ut ‘yua0 sod oat 
‘uoyons ou ‘31f-uors[ng 


*YSOUL-OT YSno1y} aJopidy pue zzrengd 








“EL ysaZ el ysaZ 
= 
*ysoul 
QT 03 dn poyovar sprez ay} ur ‘jus sod oALy *ysoul 
-paigs zuenb api y -19199q ON 88h OOF OT 03 dn payovar sre} oy} ut *ju99 30d oary 
‘I9G ON OOZIL Otz! ‘pags zaenb yonw “1999q ON = GEOT-—s« OOE. 
“4994 ON 068 O8I ‘aT B SuNZs TINS  6ZET OFZ 
‘doy uo ajopida auy jo ; one ‘OTL BV BugPS []US 166 Os1 
jokey & ‘zjaenb ut ysaul-gT yon S6S O21 *‘payowl pog 099 ~=—s«OZI 
*do} uo ajopida auy jo F *‘zyrenb ut aj3opida ysaw a 
Joey v ‘zj1zenb ut ysour-gT yonyy £82 09 --[T autos ynq ‘A]pider Sunyis Lee 09 
S910N “esinat ‘OU, —_ “est ‘eum, 


‘uoons 91331, ‘payepunut Sf 
*ysoul-Of ySnoryy ajopidyy pue zyzend) 





‘uorjons yonut ‘pazyeaayo Sif 
‘YSOUL-OT YSnory) aopidy pur zzaen?) 


1h gaz ‘ol ps27 09 AL 
“panunuod—*A'IX WIAVL 
n a | + > 











| 
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TABLE XLVI. 
PERCENTAGE OF HEAVY MINERAL IN TAILS, IN TESTS WITH JIG ELEVATED. Mucu 














SUCTION. 

a : 

> 5 Ss | g 3 g 

12 0 0 0 0 |) 0 oe | @ 2 0.1 
4. 8 'e@ fe }e 18 | 2 0/0 3 | 05 
16. eo |e 1@ Pes] @ |-25) 2! e@ 8 | 07 
18 +i 1@ 46 t@ [2 2| 2 20 | 1.5 
20 . eotetesltel{ofes ee te 2e: 
24 . oe pe pes. 0 | 3 2|2 25 | 2 
30. 0 | 0/1 2 l 3 4 | 3 25 | 5 
®.. <4.) Peete) 2 is 4 | 3 30 | 5 
xg ke oe o1 | o1 1 a i a 4 | 3 45 | 8 
“ewer Ce te Pe wee 2 5 | 2 | 45 | 10 
“ewes 2 ee ae ee 6|3 | 0 | 15 
yk a eee | 1 1 5 6} 2 gs | 4 30 | 20 
120 . oe 215 5 3 “1% 25 | 35 
ed fe 2 e:-45 5 3 8 | 6 20 | 35 
Slimes . s | 7 |10 | 8 | 10 5 2110 | 2 | 50 

| 














minerals we have found arsenopyrite to be the middle cone of the three 
(see Figure 7), the turning point in the set, where the heavier mineral 
grain is just large enough to fill the interstices in the quartz. All the 
minerals heavier than arsenopyrite jig easily ; all those that are lighter 
jig poorly when mixed sizes are used. 

The turning point referred to in Figure 7, where the heavy grain 
is of a size which just fills the interstices among the lighter grains, is 
représented by the interstitial factor 3.7 of Table,XXXVII._ This 
factor has been arrived at in three places in this investigation, namely, 
gging tests Nos 7 and 10, jigging tests Nos. 25 and 28, and the 
facts brought out in Tables XLVI, XLVII, and XLVIII. The factor 


will probably vary somewhat with the fracture of the minerals, and 


by jig 


it also needs confirmation for larger sizes. 
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TABLE XLVII. 


PERCENTAGE OF HEAVY MINERAL IN TAILS, IN TEST WITH JIG INUNDATED. LITTLE 











SUCTION, 
— ae nel es as aE ks oe 
| 3 | | : 
2a ae se te ae g 
S1eve-Mesu. | os a 8 5 8 3 8 3 2 E v Fs 
oO 0 “ < J a A n S ~ 
at tol ot a ont | | 
12 0 0 | 0 0 | oO 0 | 0 0; 1 | 0 
| | 
14 0}; 0 |} 0 | Oo} 0 $i <@ 1} 3 | 0 
| | | 
16 } o}| 0 | 0 | Oo | o]; o}| 05) 1] 8] 0 
| | | | 
18 . | o | o | 0 2 &. ei 2| 8 | 03 
| | | 
20 i elie be 7s | ei #Fs 2 | 20 | 0 
24 | O 0 | 0.1 1} 3 5 * 4\ 2 } @s 
| | 
30 2) 05] 05| 3 | 4 | 7 | 10 6 | 50 | 05 
| | 
40 3 | 15] 4 6 | 10] 10 |15 | 10 | ss | 1 
eee wees oe aa ae s | 15 | 15 | 20 Is | 70 | 2 
By Son eo 2) 5-1 “is 20 | 25 2 | 75 | 5 
80 | s | 7 |20 | 2s | 5 | 2 |3s | 30 | 80 | 50 
| 
100 . | 5 |10 | 30 | 40 | 40 | 25 | 50 50 | 75 | 95 
| 
120 7/10 |40 | 0 | © | 4 |75 | 70 | 80 | 90 
| 
140 | 7 |10 | 4 18 | Obes 80 | 80 | 80 
Slimes | 60 | 80 | 85 90 | 95 | 90 | 99 9 | 9 | 90 














While it is a simple matter to make a table of eqgual-settling fac- 
tors (Table VII), of zuterstitial factors (Table XX XVII) and of acceler- 
ation factors (Table XX XIX), no corresponding table of suction factors 
can be made. The most that can be said is that suction increases 
with the length of the plunger stroke, with the difference in specific 
gravity of the two minerals, and with the diminishing of the thickness 
of the bed on the sieve, whether of the heavier minerals only or of 
both minerals. 

Summary. — The two chief reactions of jigging are pulsion and 
suction. 

The effect of pulsion depends upon the laws of equal-settling par- 
ticles, interstitial currents, and, possibly, also of acceleration. The 
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TABLE XLVIII. 
PERCENTAGE OF HEAVY MINERAL IN TAILS, IN TESTS FROM POINTED TUBE OR 
PULSION-JIGc. No Suction. 











- 4 
2 | 
cc bos 3 : 2 
Srgve-Mgsu. “ > | & = = = g 
s $ 4 P) = F = 
) 2 o = x i sy 
12 0 0 0 2 5 0.5 10 25 10 0 
4 0 0 0 2 2 | 25 | 2 | O 
ee see oes. cer) & 0 @ + ¢@ 10 20 15 30 30 30 l 
a 0 0 | 0 15 30 | 30 35 40) 5 2 


| tae 0 @ i @ 15 40 40 40 60 30) 2 


24 0.5 0 0.5 30 40 40 ty 60 50 5 
ana ar ar 5 0.5 5 40 50 50 50 60 50 10 
he is a ee 1 | 30 6 6 50 30° 6 Ol COO 
> aa : 20 15 50 60 70 50 60 60 60 20 
ne ee en 30 30 60 75 70 40 60 60 60 50 
SO. ea 60 60 70 75 70 40 60 60 60 60 
100 . ae sae 65 65 70 75 70 40 60 60 60 | 60 
ee cae 70 70 70 75 70 =»: 30 75 60 60 60 
as ao me 70 70 75 75 70 30 75 60 60 60 
Slimes . ke deat, fe 70 70 75 75 75 30 75 70 70 4) 





chief function of pulsion is to save the larger grains of the heavier 
mineral, or the grains which settle faster and farther than the waste. 

The effect of suction depends upon the interstitial factor of the 
minerals to be separated (see Table XX XVII and Figure 7). If this 


factor is greater than 3.70, suction will be efficient and rapid. If the 





factor is less than 3.70, suction will be much hampered and hindered. 


‘he use of a long stroke will help to overcome this difficulty The 
chief function of suction is to save the particles that are too small 


+ 


to be saved by the laws of equal-settling particles and of interstitial 


currents acting through the pulsion of the jig. 


For jigging mixed sizes, pulsion with full suction should be used. 
For ji 


tion should be used. 


gging closely sized products, pulsion with a minimum of suc- 
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The degree of sizing needed as preparation for jigging, if we are 
looking for the most perfect work, depends solely upon the interstitial 
factor of the minerals to be separated. If the factor is above 3.70 
(assuming this value to be sufficiently proved), then sizing is simply 
a matter of convenience. The fine slimes should, of course, be re- 
moved; and if it is more convenient to send egg size, nut size, pea 
size, and sand size each to its own jig, the suitable screens should be 
provided for this purpose, and a hydraulic separator for grading the 
finest sizes. But if, on the other hand, the factor is below 3.70, then 
the jigging of mixed sizes cannot give perfectly clean work and the 
separation will be approximate only. To effect the most perfect sep- 
aration close sizing must be adopted, and the closer the sizes are to 
each other the more rapid and perfect will the jigging be. There 
may be conditions where the jigging of mixed sizes of this class will 
be considered sufficiently satisfactory as an expedient under the cir- 
cumstances. Indeed, it is probable that as much as go per cent. of 
the mineral was saved in every test recorded in Table XLVI, except 
that of epidote. 

The small scale on which this work has been done may have ex- 
aggerated to some extent some of the jigging results. It is hoped, 
however, that if the reader does not find here the large-scale work 
exactly pictured, he will find analogies from which he may be able 
to predict results. 

The author is indebted to his assistant, Mr. W. A. Tucker, for 
the careful and accurate way in which the whole investigation has 
been conducted; and particularly to Mr. J. B. Seager, graduate of 
the Michigan Mining School, for the help he has given, not only 
in conducting the experiments, but also in the way of suggestion and 
intelligent criticism. 
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ADVERTISEMENTS. 


- Star Brass Manufacturing 6o., 


BOSTON, MASS. 





OFFICE AND FACTORY, 31 LANCASTER 8T. 


’ Steam, Water and Vacuum 
| Gages, 


WITH NON-CORROSIVE MOVEMENTS. 
Revolution Counters, Marine and Locomo- 
tive Clocks, 

Sight Feed Lubricators and Oil Cups, 
‘Pop ” Safety Valves, and 
BOILER APPLIANCES IN GENERAL. 


CATALOGUE FURNISHED ON APPLICATION. 
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ADVERTISEMENTS. 


A. J. Wilkinson & Co., 


Importers, Manufacturers, and Dealers in 


Machinery & General Hardware, 
Machinists’ & Manufacturers Supplies. 


TOOLS FOR WOOD AND METAL WORKERS. 








180, 184, 188 Washington Street, and 


19, 23, 25 Devonshire Street, 
BOSTON, MASS. 





ABOT'S HINGLE 
‘REOSOTE TAINS. 


That Does Not 
Blacken.”’ 





“HARTFORD: CT- 
For samples on wood and book of sketches apply to 


SAMUEL CABOT, 70 Kilby Street, Boston, Mass., Sole Manufacturer. 
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ADVERTISEMENTS. 





BUFE & BERGER, 


s - s 
Improved Engineering & Surveying Instruments, 
9 PROVINCE COURT, BOSTON, MASS. 

They aim to secure in their instruments: ACCURACY OF DIVISION: SIM- 
PLICITY IN MANIPULATION; LIGHTNESS COMBINED WITH STRENGTH; 
ACHROMATIC TELESCOPE, WITH HIGH POWER; STEADINESS OF AD- 
JUSTMENTS UNDER VARYING TEMPERATURES; STIFFNESS TO AVOID 
ANY TREMOR, EVEN IN A STRONG WIND, AND THOROUGH WORKMAN- 
SHIP IN EVERY PART. 

Their instruments are in general use by the U. S. Government Engineers, Geologists and 
Surveyors, and the range of instruments as made by them for River, Harbor, City, Bridge, 
Tunnel, Railroad and Mining Engineering, as well as those made for Triangulation, Topo- 


graphical work and Land Surveying, etc., is larger than that of any other firm in the country. 
Jllustrated Manual and Catalogue sent on application. 


COCHRANE CHEMICAL CO. 


55 KILBY STREET, BOSTON, 


MANUFACTURERS OF 











OIL VITRIOL, SULPHATE OF AMMONIA, EXTRACT OF INDIGO, 
MURIATIC ACID, AQUA AMMONIA, GLAUBER'S SALT, 
NITRIC ACIDS, SULPHATE OF SODA, ACETIC ACID, 
MURIATES OF TIN, STANNATE OF SODA, TIN CRYSTALS, 


MIXED ACID FOR NITRO GLYCERINE, CELLULOID, &c., 
And various other Chemicals. 
Business Founded 1849, Works at Everett, Mass. 


LOWE & REED, 1826. REED, CUTLER & CO., 1861. 


CUILER BROS. & €&., 


WHOLESALE, IMPORTING AND JOBBING 


—~= DRUGGISTS =— 


89 BROAD and 10 & 12 HAMILTON STREETS, 


Between 274 Franklin Street and 15: Milk Street, 


BoOSDWOwn . 


SIPAPLEA 


INSULATED 
WIRES AND CABLES. 











RUBBER COVERED AND LINE WIRES, — LEAD COVERED CABLES. 
SIMPLEX ELECTRICAL CO., 
75-81 Cornhill, BOSTON. 1137 Monadnock Block, CHICAGO. 
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ADVERTISEMENTS. 


THE STURTEVANT STEAM 
HOT-BLAST APPARATUS. 











VENTILATING 
SONIC TING 


FOR HEATING and 
‘SANIM ‘TTH HO 


OFFICE AND WORKS: 


THE B. F. STURTEVANT C0, JAMAICA PLAIN, BOSTON, MASS, 





THE ATLANTIC VWORKS, 


INCORPORATED 1353. 


60 TO 76 BORDER STREET, EAST BOSTON, MASS. 


BUiLDERS OF 


STEAMSHIPS, TOW BOATS, & STEAM YACHTS, 


Marine Engines, Boilers, Tanks, and General Machinery. 





REPAIRING OF EVERY DESCRIPTION. 
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